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The Illinois Agricultural Pesticides Conference is an annual program presented for 
anyone in agriculture who uses or recommends the use of pesticides in a crop pest 
management program. The conference promotes the proper, timely, and wise use 
of pesticides within an integrated crop management system. The program is 
presented by the University of Illinois at Urbana-Champaign, College of Agricul­
ture, the Cooperative Extension Service, and the Illinois Natural History Survey. 
We gratefully acknowledge the assistance of the Illinois Department of Agricul­
ture, the Illinois Environmental Protection Agency, the Illinois Fertilizer and 
Chemical Association, and the Illinois Agricultural Aviation Association in 
planning and staging the program.
This publication contains summaries of the presentations made at the Illinois 
Agricultural Pesticides Conference on the dates indicated on the front cover.
Many of these summaries are research reports that are intended to bring you the 
latest research information about agricultural pest control. Some of the chemicals 
discussed in the summaries are not registered for use by the public and thus are 
not intended as recommendations. The Illinois Pest Control Handbook contains 
suggestions for using registered pesticides. The use of trade names does not 
imply or constitute endorsement by the University of Illinois, nor does it imply 
discrimination against other products.
Statements made in the summaries within this manual are the responsibility of the 
author or the institution he or she represents. Reproduction and publication of 
these summaries are permitted only with the approval of the author.
The Illinois Cooperative Extension Service provides equal opportunities in programs and 
employment.
CBS
Cooperative Extension Service 
University of Illinois at Urbana-Champaign
Helping You Put Knowledge to Work
I l l i n o i s  A g r i c u l t u r a l  P e s t i c i d e s  C o n f e r e n c e  '92
Summ aries  o f  Presen ta t ions  January  8, 9, 10, 1992
U n i v e r s i t y  o f  I l l i n o i s  at  U r b a n a - C h a m p a i g n  
College of A griculture Cooperative Extension Service 
In Cooperation with the Illinois Natural History Survey
The 1992 Illinois Agricultural Pesticides Conference 
is Dedicated To:
Dr. Donald E. Kuhlman Dr. Roscoe Randell
for their Numerous Years of Service 
and for their Dedication to 
Entomology and Integrated Pest Management
These two gentlemen have had a tremendous positive influence on 
agricultural and horticultural interests in Illinois and throughout the 
Midwest. Their dedication to the science and education of entomology 
and their leadership in integrated pest management throughout the 
many years of their careers helped change the course of pest control in 
field and vegetable crops. They have contributed mightily to the Illi­
nois Agricultural Pesticides Conference and to many other educational 
programs; their contributions will be missed.
Thank you very much, Don and Roscoe.
Our best wishes are with you in your future endeavors.
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Program - Wednesday, January 8
9:00 am Illinois Agricultural Aviation 
Association
Room 210, Illini Union
mini Rooms A. B. and C
A.G. Taylor Presiding
1:00 pm Welcome, K. Steffey
1:10 Containment and More: Summary 
of Activities at Retail Agricultural 
Chemical Sites, W. Goetsch
1:25 Review of the Illinois Department 
of Agriculture's Pilot Pesticide 
Container Recycling Project,
S. Beam
1:35 Review of the Illinois Department 
of Agriculture's Farm Chemical 
Collection Project, D. Weatherby
1:45 Economic Implications of the 1990 
Farm Bill, H.Guither
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2:05 Interim Report: Critical Issues in 
Implementation of the Sustainable 
Agriculture Provisions of the 1990 
Farm Bill, C. Hassebrook
Point/Counterpoint:
Local Rule and Pesticide Regulations
2:25 R. Krause, American Farm Bureau
2:45 T. Dawson, Wisconsin Public 
Intervenor
3:05 Questions and Answers 
3:25 Break
New Developments from Industry
Dave Mowers Presiding
3:45 Sandoz Crop Protection,
G. Schmitz
3:51 Agrolinz, L. Figuerola
3:57 Millipore, D. McCarthy
4:03 Miles, J. Wollam
4:09 Valent USA, H. Shepherd
4:15 Terra International, J. Bower
4:21 American Cyanamid, B. Gentsch
4:27 FMC, B. Davidson
4:33 DowElanco, C. Jentes
4:39 ICI Americas, R. Wolfe
4:45 Rhone-Poulenc, B. Striegel
4:51 BASF, B. Freed
4:57 Ciba-Geigy, C. Pearson
5:03 Monsanto, J. Flint
5:09 United Agri Products, J. Pickle
5:15 DuPont, L. Tapia
5:21 Adjourn to Mixer 
Mixer
Ballroom, Illini Union 
5:15 p.m. to 7:00 p.m.
This mixer is sponsored by the Illinois 
Fertilizer and Chemical Association and 
is intended for you to meet the speakers, 
sponsors, and committee members in an 
informal atmosphere. If you have any 
questions for the speakers who made 
presentations today or if you just want to 
visit with friends, please stop by.
Pesticide Applicator Training for Field 
Crop and Demonstration and Research 
Pest Control Categories
Room 314, Illini Union 
7:00 p.m. Wednesday Evening
Concurrent training sessions for the field 
crop and research and demonstration pest 
control categories will be offered.
A person desiring to become certified as 
an applicator must first take and pass the 
General Standards examination before 
taking any of the applicator category 
examinations. However, there will be no 
training for the General Standards 
examination. Manuals and handout 
material will be available.
Program - Thursday, January 9
General Session
mini Rooms A  B. and C
George Czapar Presiding
8:00 am Weed Control Opportunities for 
Alfalfa, R. Bellm
8:15 Principles of Postemergence 
Herbicides, M.McGlamery
8:30 Selecting Adjuvants for Herbicides, 
R.Liebl
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8:45 Techniques for Reducing Spray 
Drift, B. Wolf
9:00 Incorporating Environmental 
Costs into Insect Management 
Decisions, L. Higley
9:15 Adding Precision to Weed Control 
Systems, H.Coble
9:35 Are We Entering a New Era of 
European Com Borer 
Management? K. Steffey
9:50 Biological Control of European
Com Borers with Trichogramma,
D. Andow
10:05 Break
Kevin Steffey Presiding
10:25 Dedication for Don Kuhlman and 
Roscoe Randell
FORUM:
Biotechnology in Pest Management in the
1990s
10:35 Pest Control - Subject to Change, A. 
Kem, Mycogen Corporation
10:55 Crop Protection Using
Biotechnology and Crop Chemicals, 
J. Graham, Monsanto Agricultural 
Company
11:15 Concerns of Seed Company
Officials with Herbicide Tolerant 
Cultivars, D.Duvick, Department of 
Agronomy, Iowa State University
11:35 Development of a Novel
Biopesticide for European Com 
Borer, M. Beach, Crop Genetics 
International
11:55 Biopesticides: Optimism and 
Confidence, Not Blind Faith,
R. Weinzierl
12:10 Lunch
Dave Feltes Presiding
1:10 pm Wheat Disease Management in 
Illinois, S.Bissonnette
1:25 The Performance of Air-Assist 
Nozzles, L. Bode
1:40 Status and Future of Insect Surveys 
in Illinois, C.Helm
1:55 Highlights of Some 1991 Weed 
Science Research, E. Knake
2:10 What's New at the Plant Clinic?
N. Pataky
2:25 Management of Insects in Seed 
Com Production, M. Bergman
2:40 Pest Control 2000: Predicting our 
Future, D.Pike
2:55 Break
Noel Troxclair Presiding
3:10 Stewart’s Bacterial Wilt of Sweet 
Com, J, Pataky
3:25 Control of Voles in No-Till Com,
R. Hines
3:40 Bioeconomic Systems for Com 
Production, P.Westra
4:00 Machinery and Chemical Costs for 
Crop Production Alternatives,
J. Siemens
4:15 Management Practices to Meet 
Conservation Compliance,
R. Dickerson
4:30 Herbicides for Bumdown,
M. DeFelice
4:50 Principles and Opportunities for 
Perennial Weed Control, J. Walsh
5:05 Adjourn
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Program - Friday, January 10
General Session
UHnl Rooms A.B. and C
Tom Ward Presiding
8:15 am Recognition and Control of
Winter Annual Weeds, D. Anderson
8:30 Gray Leaf Spot on Com, D. White
8:45 The Wisdom of Using Soil
Insecticides for Com Rootworm 
Control at Any Rate, M. Gray
FORUM:
Pesticides and Environmental Issues
9:00 Pesticides in Rain Water,
D. Goolsby
9:15 Pilot Study: Agricultural
Chemicals in Rural Private Wells,
E. Mehnert
9:30 Agricultural Implications of the 
State's Ground Water Standards 
and Regulations, A.G. Taylor
9:45 Illinois River Sands Water Quality 
Project, G.Czapar
10:00 Weed Control for Environmentally 
Sensitive Sands, S. Stein
10:15 Break
Dennis Epplin Presiding
10:30 Degradation of Foliar-Applied
Insecticides: How Long Will This 
Insecticide Last? T. Royer
10:45 Northern Leaf Spot of Com,
D. Eastbum
11:00 Soil-Pesticide Screening Procedure: 
Will This Pesticide Leach or Run 
Off? W. Scott
11:15 Interaction of Accent and Beacon
with Organophosphate Insecticides, 
K. Diehl
11:30 Variable Rate Sensor Technology,
J. Hummel
11:45 Adjourn
Pesticide Applicator Examinations
Room 314, mini Union
12:30 - 4:30 p.m. Friday Afternoon
Written examinations for all commercial 
pesticide applicator pest control categories 
will be offered. General Standards 
examinations will also be available. A 
person may take as many examinations 
as he or she can complete during the 
allotted time. A passing score of 70 
percent is required on both the General 
Standards and category examinations in 
order to become a certified applicator. 
Allow about an hour to take each 
examination. Exams can be started at any 
time between 12:30 and 3:00 p.m.
Program Participants
Anderson, Diane. Extension Assistant in 
Weed Science and Pesticide Applicator 
Training, Department of Agronomy, 
University of Illinois, Urbana, IL
Andow, David. Associate Professor of 
Entomology, Department of 
Entomology, University of Minnesota, 
St. Paul, MN
Beach, Mark. Project Manager, InCide 
Biopesticide, Crop Genetics 
International, Hanover, MD.
Beam, Scott. Apiary Inspection
Supervisor, Bureau of Plant and 
Apiary Protection, Illinois 
Department of Agriculture,
Springfield, IL
xiv
Be 11m, Robert. Agriculture Extension 
Adviser, LaSalle County, Illinois 
Cooperative Extension Service, 
Ottawa, IL
Bergman, Marlin. Integrated Pest
Management Agronomist, Pioneer Hi- 
Bred International Inc., Johnston, IA
Bissonnette, Suzanne. Graduate Research 
Assistant, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Black, Kevin. Product Supervisor/Product 
Service Assistant, Growmark, Inc., 
Bloomington, IL
Bode, Loren. Extension Specialist and
Professor of Agricultural Engineering, 
University of Illinois, Urbana, IL
Bower, Jim. Region Agronomist, Terra 
International, Inc., Indianapolis, IN
Coble, Harold. Professor of Crop Science, 
Crop Science Department, North 
Carolina State University,
Raleigh, NC
Czapar, George. Area Extension Adviser, 
IPM, Region IV, Cooperative 
Extension Service, University of 
Illinois, Springfield, IL
Davidson, Bruce. Senior Research 
Biologist, Market Development, 
Agriculture Chemical Group, FMC 
Corp., Monticello, IL
Dawson, Tom. Wisconsin Public
Intervenor, Wisconsin Department of 
Justice, Madison, WI
DeFelice, Michael. Associate Professor of 
Agronomy - Weed Science, University 
of Missouri, Columbia, MO
Dickerson, Richard. Conservation 
Agronomist, Ecological Science 
Section, USDA Soil Conservation 
Service, Champaign, IL
Diehl, Kevin. Graduate Research
Assistant, Department of Agronomy, 
University of Illinois, Urbana, IL
Duvick, Don. Affiliate Professor of Plant 
Breeding, Department of Agronomy, 
Iowa State University, Ames, IA
Eastburn, Darin. Assistant Professor and 
Extension Specialist, Department of 
Plant Pathology, University of 
Illinois, Urbana, IL
Epplin, Dennis. Agricultural Extension 
Adviser, Jefferson County, Illinois 
Cooperative Extension Service,
Mt. Vernon, IL
Feltes, David. Area Extension
Adviser, IPM, Region I, Cooperative 
Extension Service, University of 
Illinois, Dixon, IL
Figuerola, Luis. Director of Product 
Development, Agrolinz, Inc.,
Memphis, TN
Flint, Jerry. Product Development 
Representative, Monsanto 
Agricultural Co., Decatur, IL
Freed, Brian. Agronomist, Technical 
Development Representative, 
Agricultural Chemicals Group, BASF 
Corp., Riverton, IL
Gentsch, Bryan. Technical Service
Representative, American Cyanamid 
Co., Crystal Lake, IL
Goetsch, Warren. Chief, Bureau of
Laboratories, Illinois Department of 
Agriculture, Springfield, IL
Goolsby, Don. Hydrologist, U.S.
Geological Survey, Water Resources 
Division, Central Region, Denver, CO
Graham, James. Director, Herbicide 
Technology, Monsanto Agricultural 
Company Technology Division,
St. Louis, MO
xv
Gray, Michael. Extension Specialist and 
Assistant Professor, Office of 
Agricultural Entomology, University 
of Illinois, and Illinois Natural 
History Survey, Champaign, IL
Guither, Harold. Professor of Agricultural 
Policy and Extension Economist in 
Public Policy, Department of 
Agricultural Economics, University of 
Illinois, Urbana, IL
Hassebrook, Charles. Leader, Stewardship 
Technology and World Agricultural 
Programs, Center for Rural Affairs, 
Walthill, NE
Helm, Charles. Research Biologist and 
State Survey Coordinator,
Cooperative Agricultural Pest Survey, 
Illinois Natural History Survey, 
Champaign, IL
Higley, Leon. Assistant Professor, 
Department of Entomology,
University of Nebraska, Lincoln, NE
Hines, Ron. Research Specialist in 
Agriculture, Department of 
Agronomy, University of Illinois, 
Dixon Springs Agricultural Center, 
Simpson, IL
Hummel, John. Professor and 
Agricultural Engineer, USDA, 
Department of Agricultural 
Engineering, Urbana, IL
Jentes, Clarence. Technical Service and 
Development Representative, 
Agricultural Products Division, 
DowElanco, St. Louis, MO
Kern, Albert. Executive Vice President, 
Commercial Division, Mycogen 
Corporation, San Diego, CA
Knake, Ellery. Extension Specialist and 
Professor of Weed Science,
Department of Agronomy, University 
of Illinois, Urbana, IL
Krause, Rick. Assistant Counsel,
American Farm Bureau Federation, 
Park Ridge, IL
Liebl, Rex. Assistant Professor of Weed 
Science, Department of Agronomy, 
University of Illinois, Urbana, IL
McCarthy, Don. Marketing Manager, 
Millipore Corp., Marlborough, MA
McGlamery, Marshal. Extension 
Specialist and Professor of Weed 
Science, Department of Agronomy, 
University of Illinois, Urbana, IL
Mehnert, Edward. Associate
Geohydrologist, Illinois State 
Geological Survey, Champaign, IL
Mowers, David. President, Mowers Soil 
Testing Plus Inc., Toulon, IL
Nixon, Phil. Extension Entomologist,
Office of Agricultural Entomology and 
Illinois Natural History Survey, 
Champaign, IL
Pataky, Jerald. Associate Professor of 
Plant Pathology, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Pataky, Nancy. Extension Plant
Pathologist, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Pearson, Charles. Field Development 
Research Representative, Ciba-Geigy 
Corp., Dewey, IL
Pickle, John. Director of Market 
Development, Grower Service 
Companies, Madison, WI
Pike, David. Agronomist, Weed Science, 
Department of Agronomy, University 
of Illinois, Urbana, IL
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Ries, Steve. Extension Specialist and 
Associate Professor of Plant 
Pathology, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Royer, Tom. Extension Specialist in 
Entomology and Research Biologist, 
Office of Agricultural Entomology, 
University of Illinois and Illinois 
Natural History Survey,
Champaign, IL
Schmitz, Gary. Product Development 
Representative, Sandoz Crop 
Protection Corp., Mahomet, IL
Scott, Wiley. Water Quality Coordinator, 
Ecological Sciences Staff, Illinois 
State Office, USDA Soil Conservation 
Service, Champaign, IL
Shepherd, Howard. Technical Service 
Specialist, Valent USA Corp.,
Ames, LA
Siemens, John. Professor, Department of 
Agricultural Engineering, University 
of Illinois, Urbana, IL
Steffey, Kevin. Extension Specialist and 
Associate Professor, Office of 
Agricultural Entomology, University 
of Illinois and Illinois Natural 
History Survey, Champaign, IL
Stein, Scott. Graduate Student,
Department of Agronomy, University 
of Illinois, Urbana, IL
Striegel, Bill. Field Research and
Development Representative, Rhone - 
Poulenc Ag Co., Morton, IL
Tapia, Larry. Field Development
Representative, Agricultural Products 
Department, E.I. DuPont de Nemours 
& Co., Inc., Belleville, IL
Taylor, A.G. Agriculture Adviser, Illinois 
Environmental Protection Agency, 
Springfield, IL
Troxclair, Noel. Area Extension Adviser, 
IPM, Region VII, Cooperative 
Extension Service, University of 
Illinois, Benton, IL
Walsh, Joe. Extension Assistant in Weed 
Science, Department of Agronomy, 
University of Illinois, Urbana, IL
Ward, Tom. Agricultural Extension 
Adviser, Saline and Gallatin 
Counties, Illinois Cooperative 
Extension Service, Harrisburg, IL
Weatherby, Dana. Plant and Pesticides 
Specialist, Bureau of Plant and 
Apiary Protection, Illinois 
Department of Agriculture,
Springfield, IL
Weinzlerl, Rick. Extension Specialist and 
Associate Professor, Office of 
Agricultural Entomology, University 
of Illinois and Illinois Natural 
History Survey, Champaign, IL
Westra, Philip. Associate Professor of 
Weed Science, Department of Plant 
Pathology and Weed Science, Colorado 
State University, Fort Collins, CO
White, Don. Associate Professor of Plant 
Pathology, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Wolf, Bob. Extension Specialist in 
Pesticide Applicator Training, 
Department of Agricultural 
Engineering, University of Illinois, 
Urbana, IL
Wolfe, Ron. Market Development
Representative, Agricultural Products, 
ICI Americas, Inc., Monticello, IL
Wollam, John. Regional Development 
Manager, Central and North Central 
Regions, Miles, Inc., Indianapolis, IN
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COMMERCIAL PESTICIDE TRAINING AND CERTIFICATION CLINICS
1991-1992
Commercial Pesticide Applicator Training Clinics will be presented by University of Illinois 
Cooperative Extension Service personel from November, 1991 until June, 1992. These 
training sessions are intended for custom applicators and others who apply pesticides for 
hire, for their employer, or to public property and who must be certified before the 1992 
season. Farmers and others who apply restricted use pesticides to property that they own or 
rent need to attend Private Pesticide Applicator Clinics that will be organized by local 
extension offices. Clinics that offered category training in grain facility and private 
applicator-fumigation were held in late November, 1991.
Most of the clinics are scheduled for two days. Training for general standards will be given 
during the first morning; general standards testing will he held that afternoon for 
operators. Applicators should attend category training that begins during the afternoon of 
the first day and finishes during the morning of the second day. Information needed to pass 
the pesticide tests will be covered; specialists will also discuss new developments to help 
keep pesticide applicators up-to-date. Applicators can take both the general standards and 
category tests during the afternoon of the second day.
The Illinois Department of Agriculture certifies and licenses individuals who use pesticides 
in outdoor environments and in the production of agricultural commodities. Testing, 
certification, and licensing questions can be answered by Illinois Department of Agriculture 
personnel in Springfield at (217) 785-2427 or Oak Brook at (708) 990-8256.
SCHEDULE OF PESTICIDE TRAINING AND CERTIFICATION CLINICS
The following information pertains to clinics held in Illinois excluding northeastern 
Illinois. There will be a $10.00 per clinic registration fee payable at the door of each clinic. 
Make checks payable to the University of Illinois. One fee covers both days of two-day 
clinics. Space is available on a first come-first served basis. Seating may be limited at 
some clinics.
First Dav 7:30 am. 
8:00 a.m. 
1:30 p.m. 
1:30 p.m.
8:00 a.m. 
12:30 p.m. 
4:30 p.m. 
4:30 p.m.
Clinic Registration 
General Standards Training 
General Standards Testing Only 
Category Training Begins
Second Dav 8:00 a.m. - 12:00 p.m. Category Training Continues
1:00 p.m. - 4:30 p.m. Testing (All Categories and General Standards)
Rights-of-way category training will be provided during the morning of the second day only, 
starting at 9:00 a.m. Ornamentals category training will be provided during the afternoon 
of the first day; turfgrass category training will be offered during the morning of the second 
day. Mosquito training clinics will have general standards training at 8:00 a.m. and 
mosquito category training at 11:00 a.m.
All tests will be available at one-day clinics as well as during the second day of two-day 
clinics, not just the categories that are covered in the training. Training questions can be 
answered by Phil Nixon, University of Illinois, Champaign at (217) 333-6650.
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DATE CITY TRAINING LOCATION
Nov 25 Mt. Vernon G.S., ROW Ramada Inn, 1-57 & 1-64
Dec 5-6 Galesburg G.S., Field Crops HoJo Inn, 2 mi. W of 1-74 on 
U.S. 34 (Alpha Exit)
Dec 18-19 Mt. Vernon G.S., Field Crops Ramada Inn, 1-57 & 1-64
Jan 8, 10 Urbana Field Crops, Illini Union Rm. 314, U of I 
Demonstration & Research Campus Tmg. Jan. 8, 7 p.m.;
Testing Jan 10, 12:30 p.m.
Jan 13-14 Rockford G.S., Turf, Om, ROW Clock Tower, 1-90 & Bus. 20
Jan 22-23 Springfield G.S., Turf, Om, ROW 111. Bldg., State Fairgrounds 
(Gate 1)
Jan 30-31 Rochelle G.S., Field Crops Concord Inn, Rt. 251 & 38
Feb 3-4 Collinsville G.S., Turf, Om, ROW Gateway Center, Rt. 157 & 1-70
Feb 5-6 Champaign G.S., Field Crops Chancellor Inn, Rt. 45 & Kirby Ave.
Feb 13-14 East Peoria G.S., Turf, Om, ROW Holiday Inn, 1-74 & Rt. 116 W
Feb 20-21 Jacksonville G.S., Field Crops Holiday Inn, Rt. 104
Feb 24-25 Mt. Vernon G.S., Turf, Om Ramada Inn, 1-57 & 1-64
Feb 26-27 Champaign G.S., Turf, Om Chancellor Inn, Rt. 45 & Kirby Ave.
Mar 19-20 Moline G.S., Turf, Om, ROW Holiday Inn, 1-74 & Airport 
Exit (Rt. 6)
Mar 24 Teutopolis G.S., ROW Knights of Columbus, S of Rt. 
40 of Vine St.
Mar 26 Springfield G.S. Coop. Extension Serv., State 
Fairgrounds (Gate 11)
Apr 14 Fairview
Heights
G.S., Mosquito Ramada Inn, 1-64 & Rt. 159
Apr 15 Mt. Vernon G.S., Mosquito Ramada Inn, 1-57 & 1-64
Apr 20 Kankakee G.S., Mosquito, ROW Olivet Nazarene Coll., Rt. 45 
opposite Harrison St.
Apr 23 Springfield G.S. Ill Dept, of Agriculture, State 
Fairgrounds (Gate 11)
G.S. = General Standards; Om = Ornamentals; ROW = Rights-of-Way.
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1992 NORTHEASTERN ILLINOIS PESTICIDE CLINICS
There will be a $15.00 per day prepaid registration fee required at all locations except 
Crystal Lake. Refunds and transfers between clinics are not permitted. Registration fees 
should be sent to the Northern Illinois Horticulture Association, P.O. Box 204, Gurnee, IL 
60031 except for the March 3 clinic. Due to limited seating at most locations, registration 
fees must be received by the Friday before the desired clinic date. Send a self-addressed 
stamped envelope if you wish to receive a confirmation of your registration. Your check 
will be returned if the clinic that you designate is full. Receipts will be available at the door. 
Questions concerning these clinics can be answered by calling (708) 356-5265 from 1:30 to 
4:00 p.m. on Mondays and Fridays preceding clinics.
For two-day clinics, general standards training and testing will be conducted on the first 
day, and turf and ornamentals category training, as well as testing in all categories, will be 
conducted on the second day. All tests will be available on June 2. Each clinic begins at 
8:00 a.m., with testing from 1:00 to 4:00 p.m.
DATE CITY TRAINING LOCATION
Feb 18-19 Mundelein G.S., Turf, Om. Holiday Inn, Rt. 45
Feb 24 Joliet G.S. Holiday Inn, Larken Ave. & 1-80
Mar 3 Crystal Lake G.S. Hob Nob II Restaurant, Rt. 14 & 
31. $10.00 fee. Call (815) 338- 
3737 to Pre-register.
Mar 9-10 Willowbrook G.S., Turf, Om. Holiday Inn, Rt. 83 & 1-55
Mar 18-19 Glencoe G.S., Turf, Om. Chicago Botanic Garden, Lake- 
Cook Rd. E of 1-94
Mar 24-25 Alsip G.S., Turf, Om. Holiday Inn, 1-294 & Cicero Ave.
Apr 8-9 Wheaton G.S., Turf, Om. DuPage County Fairgrounds, 
Manchester Rd.
Apr 14-15 Glencoe G.S., Turf, Om. Chicago Botanic Garden, Lake- 
Cook Rd. E of 1-94
May 5-6 Willowbrook G.S., Turf, Om. Holiday Inn, Rt. 83 & 1-55
June 2 Wheaton G.S. DuPage County Fairgrounds,
Manchester Rd.
G.S. = General Standards; Om = Ornamentals
xx
PESTICIDE APPLICATOR STUDY MATERIALS
General Standards Manual $2.50 Mosquito Pest Control $5.00
General Standards Workbook 1.00 Ornamentals Manual 5.00
Aerial Applicator Manual 3.50 Plant Management 2.00
Aquatic Weed Manual 7.00 Private Applicator Manual 4.00
Dealer Pest Control 3.50 Rights-of-Way Manual 5.00
Demonstration & Research 2.50 Rights-of-Way Workbook 1.00
Field Crops Manual 7.00 Seed Treatment Manual 2.00
Field Crops Workbook 1.00 Soil Fumigation 2.50
Forest Pest Control 5.00 Turfgrass Manual 6.00
Fruit Crops Pest Control 4.00 Turf & Ornamentals Workbook 1.00
Grain Facility Manual 7.00 Vegetable Pest Control 4.00
Livestock Pest Control 3.00
These manuals and study materials can be ordered from the Office of Agricultural 
Entomology, 172 Natural Resources Building, 607 East Peabody Drive, Champaign, IL 61820. 
Make checks payble to the University of Illinois. All prices are subject to change without 
notice.
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Workshops Offered in 1992
EIGHTEENTH ANNUAL ILLINOIS CROP PROTECTION WORKSHOP
Extension specialists and research personnel with the University of Illinois, College of 
Agriculture, and the Illinois Natural History Survey are offering a Crop Protection 
Workshop from March 3 to 5, 1992 at the Chancellor Hotel and Convention Center, 
Champaign, Illinois. Advance registration will be required.
The objectives of the workshop are to give in-depth training in diagnosing pest problems, 
troubleshooting in the field, and identifying insect, weed, and disease pests, as well as life 
cycles, thresholds, plant nutrient deficiencies, and other factors that affect crop production 
decisions.
Specialists in entomology, weed science, agronomy, plant pathology, and agricultural 
engineering from the University of Illinois and the Illinois Natural History Survey will 
conduct training sessions on the above topics. Out-of-state speakers will also give 
presentations on subjects of particular interest.
The registration fee for the workshop is $85 and will include the cost of the workshop and 
two lunches, but will not cover lodging. Further information about the workshop can be 
obtained at the registration desk at the Illinois Agricultural Pesticides Conference or from 
Michael Gray, 172 Natural Resources Building, 607 East Peabody Drive, Champaign, Illinois 
61820; (217) 333-6651.
FIELD CROP PEST MANAGEMENT SHORT COURSE
A pest management scout training short course will be offered in 1992. This course is being 
offered to accommodate those persons who will monitor field crops for pest problems. The 
courses will be taught by Extension specialists in weed science, agronomy, entomology, and 
plant pathology from the University of Illinois and the Illinois Natural History Survey.
The scout training school will be offered from March 9 to 10, 1992.
Further information about the workshop can be obtained at the registration desk at the 
Illinois Agricultural Pesticides Conference or from Michael Gray or Tom Royer (217)333- 
6651.
WHICH WORKSHOP IS FOR YOU?
Each year a number of people inquire about the difference between the Crop Protection 
Workshop and the Pest Management Short Course.
The Crop Protection Workshop is intended for those individuals who are concerned with 
current research that affects pest management. Topics presented represent subject matter 
that will provide the basis for future pest management decisions. Farmers, agribusiness 
people, and Extension advisers represent the largest portion of the 300 people in attendance.
The Field Crop Pest Management Short Course is intended for those who wish to learn the 
what, how, where, and when of field crop scouting. The lab sessions are approximately four 
hours each and cover the identification of weeds, insects, and plant diseases and the 
procedures needed to scout accurately and report the findings. Farmers and field scouts 
employed by private consultants comprise the largest segment of the audience.
If you are still unsure about which workshop to attend, contact Michael Gray, Illinois 
Natural History Survey, 172 Natural Resources Building, 607 East Peabody Drive, 
Champaign, Illinois 61820; (217)333-6651.
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NEWSLETTERS FROM THE UNIVERSITY OF ILLINOIS 
COLLEGE OF AGRICULTURE
FARM ECONOMICS FACTS AND OPINIONS—Economic principles applied to farm problems such 
as marketing strategies, crop and livestock product decisions, government and institutional 
policies. Eighteen issues per year.
WEEKLY OUTLOOK—Anticipates reports and interprets current market information—supply, 
demand, and price outlook--for agricultural products. Issued weekly except for last two weeks of 
December.
LIVESTOCK PRICE OUTLOOK—Forecasts of prices and production for hogs (four issues) and cattle 
(two issues) following inventory reports. Includes inventoiy data, forecasting methods, and 
discussion of pricing strategies. Six issues per year.
GRAIN PRICE OUTLOOK--Four issues each on com and soybeans. An in-depth analysis of supply, 
demand, and price outlook for com and soybeans. Also includes a discussion of storage and 
pricing strategies for producers. Eight issues per year.
ILLINOIS HORSE REPORT—Current information on nutrition, management, health and 
breeding. Updates on research and edcuational activity. Four issues per year.
ILLINOIS DAIRY DIGEST—Provides the latest dairy research information available from the U of I 
and other sources; practical, timely tips to help producers make management decisions; 
announcements of educational events. Four issues per year.
SWINE REPORT—Current information on swine feeding, management, economics, and engineering. 
Four issues per year.
ILLINOIS VEGETABLE FARMER'S NEWSLETTER--Provides production, harvest and handling, and 
marketing advice for commercial producers in the Midwest. News and updates from university and 
Extension staff are highlighted. Four issues per year.
ILLINOIS FOREST MANAGEMENT NEWSLETTER—Features helpful management information and 
timely tips for woodland owners on silviculture, tree planting, wildlife management, forest 
investments and taxes, marketing, harvesting and utilization, forest insect and disease problems, 
residential tree care, and care of wood products around the home. Two issues per year.
HOME, YARD, & GARDEN PEST NEWSLETTER—Insect, weed, and plant disease pests of the home, 
yard, and garden. Current controls, application equipment and methods, storage and disposal of 
pesticides, plus other topics. Issued weekly April-July; biweekly in August.
PEST MANAGEMENT & CROP DEVELOPMENT BULLETIN--Weekly reports on the current 
agricultural insect, weed, and plant disease situation with advice on control methods, as well as 
updates on the crop develop situation. Also covers new developments in pesticide application 
techniques. Issued weekly April-August, and an additional five issues from September-March.
x x iii
ORDER BLANK FOR NEWSLETTERS
Numbers of
Cost of 
materials and Amount
Newsletter issues postage enclosed
Farm Economics Facts and Opinions...............18 $15.00 $
Weekly Outlook........................ ...........................50 30.00 $
Livestock Price Outlook........................... .......... 6 12.00 $
Grain Price Outlook.................................. .........  8 12.00 $
Illinois Horse Report.... ........................... .........  4 5.00 $
Illinois Dairy Digest................................. .........  4 5.00 $
Swine Report............................................. .........  4 5.00 $
Illinois Vegetable Farmer's Newsletter.... .........  4 5.00 $
Illinois Forest Management Newsletter... ......... 2 6.00 $
Home, Yard, & Garden Pest Newsletter.... .........20 18.00 $
♦Pest Management & Crop Development 
Bulletin..................................................... .........25 25.00 $
Total $
*If you want the Pest Management & Crop Development Bulletin faxed to you, the cost will 
be $80.00; if you want the Bulletin faxed in addition to receiving a copy in the mail, the cost 
will be $100.00.
To order any of the newsletters listed in the previous page, fill out the order blank and the 
information below. Remove both pages from this book and send them with a check payable 
to the University of Illinois to:
University of Illinois Agricultural Newsletter Service
116 Mumford Hall
1301 West Gregory Drive
Urbana, IL 61801
Phone number: 217/333-2666
Please print or type:
Name
Street
City State Zip
County Date
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Containment and More: Summary of Activities 
at Retail Agricultural Chemical Sites
W. Goetsch
Paper not submitted.
Review of the Illinois Department of
Agriculture’s
Pilot Pesticide Container Recycling Project
S. Beam
The Illinois Pesticide Container Recycling Program was initiated by the Illinois Department 
of Agriculture (IDOA) in response to mandates prescribed in House Bill 1356. This bill, 
which amends the Illinois Solid Waste Management Act of 1986, mandated the Department 
to:
1. Collect and recycle empty, triple-rinsed pesticide containers;
2. Develop, demonstrate, and promote proper pesticide container management; 
and
3. Evaluate current pesticide container management methods and determine the 
problems associated with pesticide containers.
The Department of Agriculture is preparing a report for the Illinois General Assembly 
detailing the conclusions of this program and the recommendations for future legislation 
concerning pesticide container disposal. The report is due on November 30, 1991.
In response to the objectives set forth in HB 1356, IDOA developed the "Rinse, Recycle and 
Win" program. Under this program, High Density Polyethylene (HDPE) plastic pesticide 
containers were collected and recycled during two pilot projects. These projects were 
conducted in cooperation with the Illinois Environmental Protection Agency (IEPA), Illinois 
agrichemical dealers, and many other agrichemical related industries & organizations.
1990 PROJECT
The Department kicked-off the "Rinse, Recycle and Win" program at Brandt's Fertilizer Inc. 
(Pleasant Plains, IL) in June of 1990. The IDOA demonstrated the recycling process by 
grinding a number pesticide containers collected during the planting season. In July, the 
bulk of the HDPE plastic pesticide containers collected were ground at Clayton Point 
Fertilizer (Franklin, IL). The plastic jugs, varying in size from one gallon to 2.5 gallons, 
were obtained from the dealer’s operation and from participating farmers in the area. The 
containers were properly rinsed at the time of mixing and loading ,and they were stored in a 
covered area until grinding.
The containers were ground using an industrial grinder obtained in cooperation with 
Dupont Chemical. Before being ground, the containers were sorted by color. Clear and 
white plastic jugs were kept separate from the colored containers (e.g. blue, green, yellow).
In addition, any caps or labels remaining on the containers were removed. Immediately 
before insertion into the grinder, the container were inspected for cleanliness. Containers 
fed into the machine were ground into flakes or chips. Once ground, the amount of plastic 
equivalent to 50 containers could be collected in a 2’ x 1' foot pail. Approximately 3,600 lbs. 
of plastic were obtained from this event. The chips from the clear and white containers 
accounted for 3,000 lbs. of the total with the remaining 600 lbs. coming from the colored 
containers. Assuming the containers weighed 0.75 lbs., this equates to a total of 4,800 jugs 
that were recycled.
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After the containers were ground, the ensuing plastic was shipped to Envirecycle Inc. of St. 
Joseph MO for further processing. At this plant, the chips were washed using a special 
process to remove label material, field dirt, and any residues in accordance with 
environmental regulations. The chips then were pelletized for re-manufacturing purposes. 
Under a pre-arranged agreement, all of the clear and white plastic resin was given to Dupont 
Chemical Co. in return for assuming a portion of the cleaning costs. The colored resin was 
returned to Illinois and currently is being stored for future re-manufacturing.
1991 PROJECT
The collection and recycling project undertaken in 1991 was expanded considerably to 
include 16 collection points in the four Illinois counties of Macon, Menard, Morgan, and 
Sangamon. The following agrichemical facilities participated: Farm Supply Service of 
Sangamon County, Hardy Fertilizer, Niantic Crop Service, Morgan County Service, Brandt 
Consolidated, Auburn Fertilizer, and Clayton Point Fertilizer. The containers collected 
were from these dealers operations during the planting season. They were properly rinsed at 
the time of mixing and loading. Each dealer transported the containers to Clayton Point 
Fertilizer where they were stored in a covered building until grinding.
Due to the large volume of containers expected at this event, TRI-Rinse Inc. was contracted 
to granulate the containers. Similar to the previous year's project, labels were removed 
from the containers which were sorted by color. However, in this project, container caps 
were collected and shipped for energy recovery. The plastic chips recovered from the 
granulating process were blown into large "supersacks.” Before grinding, only 35 containers 
(2.5 gal. size) could be placed in the sacks. After grinding, it was estimated that plastic from 
1,500 containers was held in each sack. During this project, approximately 9,900 
containers were granulated yielding 7,200 lbs. of plastic resin. Clear and white plastic 
accounted for 5,500 lbs. of the total with colored resin comprising the other 1,700 lbs. In 
addition, 600 lbs. of caps were collected.
Once again, the resulting plastic resin was shipped to Envirecycle Inc. for washing and 
processing. The chips were washed using hot soapy water and then dried. After drying, they 
were pelletized. The clear and white plastic resin obtained in this project was transferred to 
Dupont Chemical and the remaining colored resin was returned to Illinois for re­
manufacturing.
SUMMARY
The plastic resin obtained from the two projects currently is being evaluated for re­
manufacture into a wide variety of uses. Residue tests on the plastic are being performed.
Our goal is to have the plastic recycled into useful products such as field tile. The National 
Agricultural Chemicals Association also is investigating various uses for recycled plastic 
such as speed bumps, parking curbs, pallets, and fence posts. A feasible program for plastic 
pesticide container recycling must include information on proper rinsing of the containers. 
Brochures detailing both triple-rinsing and pressure-rinsing techniques were published 
under the "Rinse, Recycle and Win" program. This program has offered users of plastic 
pesticide containers another option to dispose of their containers. This alternative may 
prove to be the best option as burning or landfilling become less attractive.
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Review of the Illinois Department of
Agriculture’s
Farm Chemical Collection Project
D. Weatherby
Several factors contribute to the problem of unwanted pesticides on Illinois farms. They 
include extra, leftover chemicals which were never used, pesticides which were left on the 
farm by the previous operator, some products which were felt to be ineffective, and some 
products that were suspended or canceled before they could be used.
Most of these pesticides were stored away, either for later use or because they had been 
suspended, because there was no means of safe and legal disposal. This is frustrating to the 
holders of these pesticides and they are looking for a way to dispose of them safely.
Farmers are concerned that livestock or humans may accidentally be exposed to these 
pesticides or that the deteriorating containers may allow leaching into groundwater.
Illinois farmers who are storing their unwanted pesticides instead of disposing of them in a 
way that could potentially threaten the environment are to be commended for their good 
stewardship. Collection of unwanted pesticides by agencies in a few select counties have 
helped some farmers and landowners dispose of their unusable products. In addition, 
several other counties have expressed interest in conducting an unwanted pesticide 
collection program. The preventative cost to the state now via collection programs versus 
remediation costs in the future will most likely save taxpayers’ money.
RESULTS OF TWO PILOT PESTICIDE COLLECTION PROJECTS
The initial collection was held in Macon County on September 5, 1990. Macon County was 
chosen because it is largely a grain producing county and because of its proximity to the 
Department of Agriculture in Springfield and to Monsanto Agricultural Company. This 
collection netted nearly 13,000 pounds of unwanted pesticides from 89 farmers and 
landowners which represents approximately 10% of the farms in Macon County. The 
Macon County pilot project cost $121,400 which equates to $9.37 per pound.
A second collection was held on August 6, 1991 at the Heniy County Highway Department. 
Henry County was selected because the Department felt it would give a different perspective 
on the amount and types of unwanted pesticides due to its being a livestock producing 
county in addition to being a grain producer. An inventory form was sent to the farmers 
and landowners in Henry County who returned the form with a list of their unwanted 
pesticides separated into categories. Unwanted Pesticide totals reported on the inventory 
were: suspended and canceled, 6,466 pounds; unknown pesticides, 3,415 pounds; Bexton, 
9,700 pounds; and currently labeled, 11,894 pounds. Approximately 6,550 pounds of 
suspended, canceled, and unknown pesticides were collected in Henry County.
The 9,700 pounds of Bexton, or Propachlor, which was discontinued by DowElanco, is still 
in the possession of three Henry County farmers. Propachlor, under the name of Ramrod, is 
currently being produced and applied. Due to the large amount of Bexton held by farmers in 
Henry County and since the active ingredient is still legal to use, the Department will be 
exhausting all efforts to find areas of the state where use could be warranted.
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The intent of this program was to collect and dispose of suspended, canceled, and unknown 
pesticides; therefore, currently labeled, legal to use products were not accepted in this 
collection. The Department felt that since limited funding was available, these waste 
pesticides had to be prioritized so that the most hazardous, most likely the suspended and 
canceled pesticides, could be disposed of safely. Unknowns also were accepted due to the 
uncertainty of their contents. A total of 172 farmers in Henry County (10.1%) reported that 
they had unwanted pesticides of some type, however, they were not all eligible for the 
collection because 44% of the total pounds reported were currently labeled and legal to use 
products. Farmers in Henry County with currently labeled unwanted pesticides have been 
and will continue to work with their agri-chemical dealers and the Department to find an 
alternative method of using these pesticides.
FUNDING OF THE PILOT PROGRAMS
House Bill 1398 states that the Department will locate a sponsor to provide a 50% matching 
fund not to exceed $25,000. Monsanto became interested in the program and committed 
$25,000 to the Macon County collection.
The cost of the Macon County collection totaled $121,000. Since only $50,000 was 
earmarked for this collection, the remainder was funded by the Department. In Henry 
County, the total cost of the program was $26,646 which is being divided equally between 
Monsanto and the Department.
There are several reasons for the difference in cost for the two collection programs:
1. All unwanted pesticides were disposed of in Macon County, including the 
currently labeled, legal to use products which represented 43% of the total.
Therefore, there was twice the volume disposed of in Macon County as there was in 
Henry County.
2. In Macon County, SET Environmental packaged approximately 8.7 gallons per 55 
gallon drum in addition to using different sized packaging, and in Henry County, 
Laidlaw packaged approximately 15 gallons of pesticides per 55 gallon drum.
3. Laidlaw was able to analyze all the unknown pesticides on location and did not 
charge extra for the analysis. SET Environmental charged for analyzing the 
unknowns in addition to performing the analysis off-site.
4. The mobilization or set up fee was $18,000 for SETT Environmental and $2,000 
for Laidlaw.
5. It is difficult to determine the total price of a collection prior to the event. Each 
pesticide classification varies in price and the volume of pesticides that will fall into 
each category is not easily determined.
AGRI-CHEMICAL DEALER PROGRAM
When Hemy County was chosen for the second unwanted pesticide collection, it was decided 
that the currently labeled, legal to use products would not be accepted. The Department felt 
that it was not economical to accept these products and pay to have them incinerated when 
they still could be legally applied. The agri-chemical dealers in Heruy County were asked if 
they would assist their customers in finding a legal use for these currently labeled 
pesticides. Letters then were sent to everyone who turned in an inventory form asking them 
to choose an agri-chemical dealer to work with on this program. All ten of the agri­
chemical dealers in the county agreed to participate.
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The m ajor types of unw anted pesticides collected in each pilot program  are listed below in
descending order:
Macon Countv
Amiben
Vemam
Knoxweed
Aldrin
Treflan
Sutan
Dyfonate
Heptachlor
Ramrod
Henry Countv 
Knoxweed 
Aldrin 
DDT
Heptachlor 
Bux 10
RESPONSES TO THE SURVEY REGARDING UNWANTED PESTICIDES
The on-site survey in Henry County revealed that 69% of the pesticides were 10-20 years old 
and another 17% were over 20 years old. The age of pesticides in other counties should be 
similar to those in Henry County. Due to container deterioration and the threat to the 
environment, pesticides need to be collected in all counties in the state.
Reasons given by farmers for not using these pesticides before they became suspended, 
canceled, or unusable in descending order for both counties are:
1. Extra chemicals (26% in Henry County):
2. Left on farm by previous tenant (23% in Henry County):
3. Quit using product, wasn’t needed (17% in Henry County);
4. Pesticide did not work;
5. Now uses safer product; and
6. Bought at auction.
Responses regarding farmers willingness to pay for disposing of the products were:
Farmers would share cost of disposal 
Were not sure - might pay a portion 
Farmers would not share cost of disposal
Macon Co 
80% 
13% 
7%
Henrv Co. 
69% 
13%
18%
Most of the farmers surveyed said that they felt farmers, government and agri-chemical 
dealers should share the cost of disposal.
SUMMARY
The pilot programs for unwanted pesticides were successful and have generated interest in 
other counties. The Interagency Committee on Pesticides will review the model programs 
and, with the cooperation of the Department of Agriculture and the Environmental 
Protection Agency, will develop by January 1, 1992 a statewide program for the collection 
and proper disposal of unwanted pesticides from Illinois farms.
The Department has estimated that there may be 600,000 pounds of unwanted (suspended, 
canceled, or unknown) pesticides statewide which would in all probability be received in a 
collection program. This figure is based on approximately 6% of the farms in Illinois 
participating in an unwanted pesticide collection and each farmer disposing of 120 pounds 
of suspended, canceled, or unknown pesticides. The cost to dispose of this amount of 
unwanted pesticide would likely be 3 to 5 million dollars. It is an expensive, but much 
needed program for Illinois farmers. The Department feels that there is probably even more 
than 600,000 pounds of unwanted pesticides on Illinois farms, however, some may not be 
brought into a collection site.
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Economic Implications of the 1990 Farm Bill
H. Guither
The Food, Agriculture, Conservation and Trade Act of 1990, signed into law on November 
28, 1990, sets the course of U. S. agricultural and food policy through 1995. It is one of the 
most complex pieces of agricultural legislation ever passed by Congress. Although in many 
ways the Act is an evolution of past policy, it makes some important changes. To examine 
the economic implications of the 1990 Farm Bill requires that we also examine the 1990 
Budget Reconciliation Act that places some spending limits on farm programs from 1991 
through 1995.
Behind the 1990 legislation are three major policy goals: to reduce the federal deficit, 
improve agricultural competitiveness, and enhance the environment. To reach these goals 
may require changes in practices that will not enhance farm incomes. At the same time, we 
should expect that the estimated savings in federal farm program expenditures will be less 
than estimated.
TRIPLE BASE-REDUCED COSTS AND REDUCED BENEFITS
The most significant influences affecting the new Act were the budget deficit and the intense 
pressure to cut program costs. A major part of the cost-cutting effort will come through 
reducing the acreage on which deficiency payments will be paid by 15 percent-the "triple­
base" plan. This 15 percent is calculated from the total crop base acreage before the acreage 
reduction (ARP) is determined. Here's how the program works on a typical Illinois farm 
with a 100-acre com base. In 1992, the acreage reduction requirement (set-aside) for com 
will be 5 percent. So the permitted acreage that could be planted would be 95 acres. Under 
the triple-base plan, the acreage eligible for payment would be 95 minus 15 or 80 acres. On 
the 15 non-payment acres, a farmer can plant any program crop, such as com or wheat; 
oilseeds, including soybeans, canola, or sunflowers; or non-program crops except fruits and 
vegetables or other crops that USDA specifies. The crops produced on the 15 percent "triple- 
base" or "normal flex" acres are not eligible for deficiency payments but will be eligible for 
applicable commodity loans. In addition, a flexibility provision in the new law also 
permits a farmer to plant other crops on an additional 10 percent of his base acreage 
without losing his historic crop acreage base. Guidelines for planting these "optional flex" 
acres are similar to the triple base. However, soybean plantings may be limited on this 10 
percent if supplies or market conditions threaten to lower prices below 105 percent of the 
loan rate.
The triple base and flexibility features provide new production choices, yet the Act protects 
the historic crop acreage bases that offer special eligibility for farm program benefits and 
affect land values if the land is sold.
TARGET PRICES AND LOAN RATES
Target prices under the new law were frozen at $2.75 per bushel for com, $2.61 per bushel 
for grain sorghum, $2.36 per bushel for barley, $1.45 per bushel for oats and $4.00 per 
bushel for wheat. Deficiency payments for the 1994 and 1995 crops for wheat and feed 
grains will be computed on a 12-month average price instead of a 5-month basis.
Wheat and feed grain loans will be calculated at 85 percent of the previous five-year average 
farm prices, with high and low years excluded. Further reductions up to 10 percent may be 
made by the Secretary of Agriculture based on ending stocks-to-use ratios. In addition, the 
Secretary may reduce loans another 10 percent regardless of the stocks-to-use ratio.
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The key point to remember with this method of setting loan rates is that loan rates no 
longer are used to fix prices at a certain minimum. The loan rate provides a lower cost 
source of credit, but the rate is set low enough so that the government’s risk of taking over 
large stocks of grain is not very high.
The Act provides for a nonrecourse marketing loan for oilseeds. The loan rate for soybeans 
is set at $5.02 with a 2 percent loan origination fee. The loan rates for sunflower seed, 
canola, flax and safflower are set at comparable rates. If soybean prices remain above the 
loan rate, the marketing loan feature has no real benefit.
ACREAGE REDUCTIONS
The maximum acreage reduction (ARP) is 20 percent for wheat and feed grains. In 1991, the 
acreage reduction was set at 15 percent for wheat and 7.5 percent for feed grains. For 1992, 
the acreage reduction is 5 percent for wheat, com, grain sorghum and barley; there is no set 
aside for oats.
Haying and grazing on the ARP and 0/92 and 50/92 conserving use land is permitted, except 
for a designated five month period. The State Agricultural Stabilization and Conservation 
Services (ASCS) committee determines which five months. Unlimited haying and grazing 
may be permitted during a natural disaster such as counties in Illinois designated in 1991.
Wheat producers may also sign up for the 0/92 program, plant a minor oilseed crop, such as 
canola or sunflowers, on their wheat payment acres and receive the projected wheat 
deficiency payment. Under this special program, the producer retains his wheat base 
history but is not eligible for marketing loans on any of the acreage planted to the minor 
oilseed.
For wheat growers this is a very special no-risk opportunity, especially in years when wheat 
yields are low as in Illinois in 1991. Wheat growers get 92 percent of the projected 
deficiency payments and can still plant another crop. For Illinois farmers, canola may be 
one of the best opportunities. There is no cross-compliance, a farmer can participate in the 
feed grain program, for example, and plant more wheat than the base would allow.
ACREAGE BASES AND PROGRAM YIELDS
As a general rule, the crop-acreage base for each program crop for a farm shall be the 
number of acres that is equal to the average of the acreage planted and considered planted to 
the program crop for harvest in each of the five preceding crop years. However, there is a 
provision that allows the county committee to adjust any crop acreage base for any program 
crop on any farm if "the crop acreage base for the crop on the farm would otherwise be 
adversely affected by a condition or occurrence beyond the control of the producer."
Program payment yields will be the same as they were in 1990. Basically the same program 
yields will be used for the crops from 1991 through 1995. However, the Secretary may adjust 
program yields based on yields of the previous five years. The Secretary also has authority 
to allow producers to report actual yields to the local ASCS office should some adjustments 
be permitted in future years. We interpret this as an effort to hold down program costs by 
not allowing upward adjustments in base acreages or yields.
DEFICIENCY PAYMENTS
Deficiency payments will be calculated as before; The difference between the target price 
and the higher of either the loan rate or the average market price for the designated months, 
times the program yield, times the acreage eligible for payment. For acreage underplanted 
under 0/92 and 50/92 provisions, the deficiency payment will be paid at no less than the
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Advancement payments will be 40 to 50 percent of the projected deficiency payment rates 
for wheat and feed grains. This constitutes an interest-free loan until the final deficiency 
payments can be calculated after harvest.
FARMER-OWNED RESERVE
The farmer-owned reserve is authorized, but its availability will depend upon market prices 
and projected stocks-to-use ratios. The maximum must be between 300 and 450 million 
bushels for wheat and 600 to 900 million bushels for com. Interest may be charged when 
the price for wheat or feed grains exceeds 105 percent of the target price; storage payments 
may stop when market prices exceed 95 percent of the target price.
Again.this is an example of tightening up on spending for farm programs. The farmer 
owned reserve was used in the 1980s to keep excess supplies off the market at the high cost 
of government paid storage. The value of a reserve was apparent after the 1988 drought. But 
a reserve far beyond the needs to bridge over occasional drought years is more expensive 
than the current budget will allow.
PAYMENT LIMITATIONS
The $50,000 per person limit on direct and deficiency payments is maintained. A new 
$75,000 limit is placed on marketing loan gains, loan deficiency payments and Findley 
payments (to make up the difference between administratively-reduced loan rates and the 
statutory rates).
The maximum payment an individual can receive is reduced from $500,000 to $250,000.
The total does not include payments made under the Conservation Reserve Program .which 
has separate limitations. An individual could receive another $125,000 maximum from 
interest in two other farming entities. The prohibition on payments to foreign persons is 
extended through 1995.
The rule on spouses is clarified. A husband and wife will be considered separate persons 
and receive commodity program payments in the same amounts available to two unmarried 
individuals. To be considered separate persons, each spouse must otherwise be eligible to 
receive payments as a separate "person" and neither spouse may have an interest in any 
other entity which receives commodity program payments. This ruling is an effort to treat 
husbands and wives fairly when each owns separate farms or are in partnership much the 
same as a father and son or two brothers. At the same time, the ruling aims to prevent 
"Mississippi Christmas tree" combinations of farm property to get around the payment 
limitation rules.
ENVIRONMENTAL AND CONSERVATION PROGRAMS
The sodbuster feature of the 1985 Act is extended, denying program benefits for cropping 
land that has not been cropped for an extended time and expands the list of program 
benefits lost for violations. Sanctions from $500 to $5,000 can be levied for inadvertent 
violations with no more than one violation in a five-year period.
The swampbuster program, denying benefits for converting wetland to cropland, expands the 
list of lost benefits and includes graduated fines from $750 to $10,000 for "inadvertent" 
violations once in the last 10 years when the farmer agrees to restore the wetland. 
Swampbuster violations now occur when a wetland is converted for planting Instead of 
when the crop is actually planted.
rate  projected in advance, which will be announced before sign-up. Last year the estim ated
paym ent rate  for com  was $.58 per bushel and $1.40 per bushel for w inter wheat.
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The wetlands issue has been one of the most confusing and controversial issues that have 
emerged from the 1985 and 1990 farm bills. Part of the problem results from the Clean 
Water Act and the involvement of the Corps of Engineers, the Fish and Wildlife Service, the 
Soil Conservation Service and the Environmental Protection Agency in the implementation 
of these two laws.
A Water Quality Incentive Program establishes a 10 million acre, five-year program for 
farmers to protect water quality. This program is a voluntary program that includes annual 
cash incentive payments with agreements to run for three to five years. Farm owners and 
operators with approved plans may receive incentive payments up to $3,500 per person per 
year. Producers may also receive cost share assistance of up to 50 percent of the cost of a 
practice with a maximum of $1,500 per person in total cost share assistance. Assistance is 
also available for improving wildlife habitat in addition to water quality.
The Conservation Reserve program (CRP), established in the 1985 Act, is part of a new 
"umbrella" program named the "Agricultural Resources Conservation Program" (ARC). The 
CRP is authorized to enroll from 40 million to no more than 45 million acres by 1995. 
Under the 1985 Act and the 1991 sign-up, about 35.6 million acres are now enrolled. In 
addition to highly erodible cropland, certain marginal pasture lands that have been 
converted to wetlands or are to be planted to trees and permanent sod grass waterways may 
now be eligible.
The emphasis shifts from enrolling highly erodible land to protecting vulnerable water 
quality areas, wetlands and wildlife habitat areas under an Environmental Conservation 
Acreage Reserve Program (ECARP).
For the first time, a Wetlands Reserve Program is established by which farm owners may 
protect and restore their wetlands by enrolling them in a reserve program and selling the 
federal government a conservation easement. These easements may be permanent, for 30 
years, or for the maximum allowed under state laws. Cropland acreage bases can be 
retained. The maximum payment for such easements, to be paid in annual installments or a 
lump sum, is $50,000.
DAIRY
The milk support price is frozen at $10.10 per hundredweight. However, if government 
purchases exceed 7 billion pounds per year, dairy farmers would be assessed 5 cents per 
hundredweight, taken out of milk checks in 1991 and 11 cents per hundredweight from 1992 
through August 31, 1995. This assessment can be refunded to a producer who can prove that 
his or her milk production has not increased from the previous year.
Efforts to raise dairy support prices because of low milk prices in 1991 were not successful. 
The Secretary of Agriculture was asked to make a study of dairy program alternatives under 
the 1990 Bill. The report recommended keeping the current program.
PESTICIDE RECORD KEEPING
Commercial applicators and private users of restricted pesticides must maintain records of 
restricted-use pesticides. Records will include the product name, amount applied and 
approximate date and location of application. These records are to be available to Federal 
or State agencies that deal with pesticide use. In no instance, however, can a government 
agency release data that would directly or indirectly reveal the identity of individual 
producers.
FACING NEW CROPPING DECISIONS
Now that we have had a year to analyze the new Act, what does the Act really mean to 
Illinois farmers and the businesses that service them?
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New flexibility options offered to farm owners and operators present a potentially confusing 
multitude of decisions over the next five years. On farms growing com or wheat, lower 
returns are very likely as a result of lower government payments in 1991 and later years. 
Many farmers will want to see how they can best offset the decreased direct government 
payments. Because payments are paid on only part of the com or wheat base acreage,
Illinois farmers must decide whether to plant com, wheat, soybeans, hay, another oil seed 
crop, or some new experimental crop on the triple-base (no payment) acreage.
TO SIGN-UP OR NOT?
Would nonparticipation bring more return than signing up for a watered down partial 
payment program? Probably not, unless some unusual events occur that raise prices 
dramatically. Com and wheat still remain two of the most profitable crops on farms where 
they have been grown over the years. Taking 75 percent of the deficiency payments still 
looks better than getting none at all in most circumstances.
Actually, the 1990 Farm Bill did not affect Illinois farmers’ program participation 
significantly. In 1990, 75.9 percent of all com acreage bases were enrolled in the program. 
In 1991, 75.8 percent of all bases were enrolled. The 1990 wheat program had 55.7 percent 
of all bases enrolled; the 1991 program had 55.9 percent enrolled.
Of 414,103 flexed or nonpayment acres in 1991, 87 percent were planted to soybeans, 0.4 
percent to minor oilseeds, and 11 percent to other program and nonprogram crops. Based 
on the loss of payments from these acres, farmers will receive an estimated $7.4 million 
less than they would have if deficiency payments had been paid on all permitted acreage.
What must also be considered in comparing the old and new programs, however, is how the 
returns from soybeans planted on flexed acreage compare with the returns from com 
planted on flexed acres that might have received deficiency payments. With more planning 
time ahead, some farmers consider canola to be a viable alternative for flexed acres. This 
new crop may require time to prove whether it is a useful crop for Illinois farms.
FUTURE POLICY DIRECTIONS
Our national agricultural and food policy emphasis seems to be shifting from one of 
agricultural commodity price and income support to one of natural resource management. 
Such a trend has special meaning for those in the business of selling and applying 
fertilizers and agricultural chemicals. The demands for different products will change. As 
farmers, pesticide dealers and applicators, you should also be ready for change.
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Interim Report:
Critical Issues in Implementation 
of the Sustainable Agriculture Provisions of
the 1990 Farm Bill
C. Hassebrook
THE INTEGRATED FARM MANAGEMENT PROGRAM OPTION (IFMPO)
IFMPO was one of the key sustainable agriculture provisions of the Farm Bill. It reduces 
commodity program barriers to sustainable agriculture by providing additional flexibility 
to farmers who implement plans to protect soil and water and plant 20 percent of their base 
acres to resource conserving crops. Participating farmers are allowed to plant resource 
conserving crops on base acres and be paid as if they had planted the program crop (for 
example, com, wheat, cotton, barley, rice, etc.) and to harvest certain resource conserving 
crops from set aside acres. Resource conserving crops include small grain/legume mixtures 
(except wheat), forage legumes and forage legume/grass mixtures.
The United States Department of Agriculture’s (USDA) initial rules and procedures weakened 
IFMPO in the following respects:
1. Participants were denied the option of harvesting resource conserving crops from set 
aside acres, the primary benefit of the program;
2. USDA misinterpreted language on "historically underplanted acres" that was 
intended to prevent participating farmers from using IFMPO to increase program 
payments over historic levels. Contrary to the intent of the law, USDA’s 
interpretation imposed a payment penalty on many IFMPO participants, compared 
to what they would get by staying out of IFMPO but planting the same resource 
conserving crops;
3. Contrary to law, USDA is not allowing farmers to select which crop bases to enroll 
in IFMPO; instead, USDA requires enrollment of all bases;
4. USDA limited enrollment in the program to 3 million acres over the life of the 
program, in spite of the fact that Congress intended an enrollment of 3 - 5 million 
new acres each year which would allow as many as 25 million acres to be enrolled in 
the final year of the Farm Bill;
5. County USDA offices were poorly informed about the program. Based on the dozens 
of phone calls we received from farmers, many county offices expressed no 
knowledge of the program, other offices misinformed farmers, and others actively 
discouraged participation in the program. As a result, most of the farmers interested 
in IFMPO did not sign up. Those farmers who did sign up have little in the way of 
resource protection plans because local Soil Conservation Service offices were not 
prepared to assist in their development.
SUSTAINABLE AGRICULTURE WINS ONE
The Sustainable Agriculture Working Group/Coalition, with help from a range of farm and 
environmental organizations, individual farmers, and supportive members of Congress, 
mounted a campaign against USDA’s proposed rules and succeeded in largely reversing the
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most serious blow to IFMPO - the proposal to deny participants the opportunity to harvest 
resource conserving crops from set aside acres. IFMPO participants now can harvest 
nonprogram small grains from all of their set aside acres, and they can hay or graze up to 
half of their set aside acres. Unfortunately, USDA continues without cause to deny them the 
option of harvesting legume seeds from set aside acres. Finally, the enrollment cap was 
raised to 5 million acres. This reflects an increase from 3 million acres, but still is far 
below the 25 million acre cap intended by Congress.
BASE ADJUSTMENTS
The 1990 Farm Bill directs the Secretary of Agriculture to make adjustments to farmers' 
crop bases to reflect crop rotation practices and other factors including adjustments 
necessary to enable producers to meet conservation compliance. (This language applies to 
all farm program participants and is not limited to participants in IFMPO.) The report 
language accompanying Senate passage of this language directed that adjustments be made 
not only for conservation compliance, but also to aid in the correction or moderation of 
other environmental concerns.
The regulations adopted by USDA to implement this provision are inappropriately narrow. 
Base adjustments are limited to those necessary to allow the production of more "high 
residue crops" as needed for conservation compliance. This does not allow for all of the 
adjustments needed for conservation compliance much less for broader environmental 
concerns.
PARTIAL FIELD ENROLLMENTS IN THE CONSERVATION RESERVE PROGRAM (CRP)
The 1990 Farm Bill provides new cost effective options for CRP enrollment. The bill 
provides for partial field enrollments in the case of field windbreaks and contour grass 
strips. These enrollments typically provide more soil conservation per acre enrolled and 
dollar spent than whole field enrollments.
The provision for enrollment of field windbreaks seems to be off and running well.
However, several problems have arisen with respect to contour grass strips, limiting the 
spring sign-up to fewer than 500 acres:
1. The law and regulations allow farmers to graze contour grass strips incidental to fall 
and winter grazing of crop residues from the fields in which the strips are located, 
subject to a payment reduction. The intent of this exception to the prohibition on 
haying and grazing CRP acres was to allow farmers who enroll contour grass strips 
to continue their normal practice of grazing crop residues. The payment reduction 
was to ensure that they are not given an unfair advantage over other livestock 
producers through subsidized grazing. However, USDA had not specified what the 
reduction would be at the time of sign-up. Consequently, farmers who normally 
graze crop residues were being asked to sign up without knowing what they would be 
paid;
2. USDA discouraged the use of this provision by requiring an additional five-year 
easement beyond the ten-year contract, a stipulation not required of whole field 
enrollments. USDA provides no additional compensation for the additional 
easement and has not specified how land can be used under the easement;
3. The regulations prohibit farmers from incorporating the grass strips in their 
rotations by periodically moving them. This prevents realization of the 
improvements in soil structure, soil organic matter levels, and soil water holding 
capacity when a grass is included in rotations.
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PROPOSED REVISIONS
We have proposed to USDA that farmers receive a payment reduction of no more than five 
percent if they plant grasses with low palatability and nutritional content during dormancy, 
if they graze only during dormancy and manage the grazing so that no more than 20 percent 
of the grass is removed. We also have proposed that no restrictions or penalties be placed on 
grazing fields in which grass strips are located, if those strips are planted to grasses that are 
unpalatable and managed to ensure that livestock will not graze the grass strips even during 
the growing season. For example, according to Dr. James Stubbendieck, University of 
Nebraska Range Specialist, cattle will not eat tall wheat grass as long as it is not mowed and 
the brittle old growth is maintained. The change we propose would enable more effective 
grazing of residues and forages from the stubble of small grains interplanted with forage 
legumes. The forage value of interplanted legumes is compromised seriously if grazing is 
delayed until fall, as is required under the first grazing exception discussed previously.
USDA has no basis in law for requiring the additional easements on the contour grass 
strips. However, if they are going to require them, the terms of the easement should be 
explained in advance and should allow for economic uses that do not interfere with the 
primary conservation value of the strips. For example, seasonal haying and grazing of 
grass strips should be allowed during the summer as long as sufficient growth to catch soil 
sediment is maintained during months of high erosion in the spring. In addition, we have 
proposed that farmers receive compensation that reflects the economic cost of the 
additional five-year easement, but only if they use the grass strips to reduce erosion below 
the levels already mandated by conservation compliance. This would provide an incentive 
to farmers in high erosion areas to reduce erosion below the fairly lax standards of 
conservation compliance. It would provide the public with some additional conservation 
benefit in return for CRP payments.
WATER QUALITY INCENTIVES PROGRAM
The 1990 Farm Bill created a Water Quality Incentives Program to provide incentive 
payments to farmers for implementing farming practices that protect water quality in areas 
that are vulnerable to degradation. The Farm Bill called for enrollment of 10 million acres 
by 1995. The Administration requested an appropriation of $5 million for the program in 
1992 and Congress appropriated $6.75 million; this appropriation is sufficient to enroll 
slightly more than one percent of the 10 million acre goal set by the Farm Bill.
SUSTAINABLE AGRICULTURE RESEARCH AND EDUCATION
The 1990 Farm Bill broadened the Low Input Sustainable Agriculture Research Program 
(LISA) in several respects and codified many of the basic operating procedures that had been 
developed in the program. Social sustainability, including increasing opportunities in rural 
communities and strengthening the family farm system, was included among its objectives. 
Provisions were added for training agricultural extension agents in sustainable agriculture 
and expanding state level extension programs. Finally, commodity organizations succeeded 
in adding provisions for extension programs on Integrated Resource Management (IRM) and 
Integrated Crop Management (ICM), two programs which they view as more closely allied 
with conventional agriculture than LISA.
The Administration asked for a 50 percent cut in the LISA program; in the end, Congress 
funded the program at the previous year's level of $6.7 million. Neither the Administration 
nor Congress appropriated anything for the new sustainable agriculture extension programs, 
IRM or ICM.
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Weed Control Opportunities for Alfalfa
R. Bellm
Weed control in alfalfa production has tended to be an afterthought by many forage 
producers. While there are some who intensively manage alfalfa as a cash crop, many just 
put seed in the ground and hope for the best. Fortunately, there are several weed control 
options available for establishing alfalfa, each with its own advantages and disadvantages.
One of the oldest techniques for weed control involves the use of cover crops to suppress 
weed growth. In the northern third of Illinois, this means spring seeded alfalfa with a cover 
of spring oats. This practice allows for the harvest of the oat crop as hay, oatlage, or grain, 
and provides suppression primarily of broadleaf weed species. With an oat cover crop, the 
actual number of weeds present is not greatly reduced, however, the overall size and mass of 
the weeds present are reduced. The cost of such a program will about around $5.00 - $10.00 
per acre for oat seed.
An advantage of this practice is that it helps control soil erosion on sloping fields while the 
alfalfa is in the process of establishing. One major disadvantage is that an oat cover crop 
may also suppress alfalfa growth. This is especially true when the oats are left to mature 
and are harvested for grain. Alfalfa stand reductions of 50 - 70 percent may occur in this 
situation, when compared to a seeding without a cover crop.
Much of this potential stand reduction may be prevented by harvesting the oat crop as hay 
or oatlage when it is at the boot stage, therefore removing the competition to the alfalfa 
sooner. The forage producer must have a use for the hay or oatlage in order for this to be a 
practical alternative.
A second alternative for weed control is the use of preplant incorporated herbicides in 
conjunction with direct seeding of alfalfa. This practice can provide a high degree of 
consistent weed control with the least amount of alfalfa suppression. The two most 
commonly used herbicides for this purpose are Eptam and Balan. At a product cost of 
around $10.00 - $15.00 per acre, these herbicides can provide excellent control of many 
annual grasses and some troublesome broadleaf weeds. However, control of such common 
broadleaf weeds as common ragweed, and Pennsylvania smartweed is poor. A major 
disadvantage of these products is that they may not be used for establishing alfalfa/grass 
mixtures.
The third alternative for weed control is the use of post- emergence herbicides targeted at 
specific weed problems. Poast for grass control and Buctril or Butyrac for broadleaf weed 
control may be used when establishing alfalfa. By using postemergence products, one has 
the option of treating only if it appears that a weed problem is developing. Approximate 
costs of treatment are: Poast, $11.00 - $22.00/acre; Buctril, $6.00 - $9.00/acre; and Butyrac, 
$7.00 - $21.00/acre depending upon the rate of herbicide used.
Poast can provide excellent control of grass weeds and alfalfa is quite tolerant. It is best to 
apply to foxtail when 3 to 8 inches. Do not graze for 7 days or harvest for hay for 20 days.
If Butyrac is added, the period before grazing or harvesting is extended to 60 days for new 
seedings. Use only crop oil concentrates or an adjuvant with the tank mix.
Butyrac does a good job of controlling many annual broadleaf weed species, but it is weak on 
Pennsylvania smartweed. Butyrac has a 60-day harvest restriction on seedling alfalfa.
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Buctril provides better control of several broadleaf species than Butyrac and has only a 30- 
day harvest restriction. However, alfalfa has limited tolerance to Buctril. It should not be 
used when temperatures are expected to exceed 70°F nor three days after application. Do not 
add adjuvants. Buctril applied early enough to avoid these temperature conditions may miss 
late germinating weeds. Waiting until most weeds germinate often means that temperatures 
may exceed 70° F. Alfalfa stand reductions may reach 30 - 80 percent under such conditions.
The opportunities for weed control in establishing alfalfa are flexible enough to match the 
individual needs of any forage producer. Factors such as treatment cost, stand quality and 
duration, yield, and forage quality should be carefully considered. Alfalfa may withstand 
some weed pressure during its seedling year without reducing the percent stand remaining in 
following years. While the presence of grass weeds significantly decreases the nutritive 
value of a forage, the presence of certain annual broadleaf weeds may not have a major 
impact on forage quality. However, good weed control to help alfalfa become well 
established can pay good dividends in yield and quality.
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Principles of Postemergence Herbicides
M. McGlamery
Postemergence herbicides allow growers to determine weed species and intensity and to 
decide the need and proper herbicide for control of the weeds. Foliar application minimizes 
problems with variable soil texture and organic matter but maximizes climatic effects. Rates 
for postemergence (post) herbicides vary with weed species and size, so early application 
may allow reduced rates. Foliar herbicides are either contact or translocated (systemic).
Contact post herbicides require thorough spray coverage as they kill the plant tissue covered 
by the spray. Labels usually specify high spray volumes, high spray pressure and the use of 
flat fan or hollow cone nozzles to increase spray coverage. If crop tolerance is adequate, 
labels often specify using nonionic surfactants (NIS) or crop oil concentrates (COC).
Soybeans. Contact post herbicides are Basagran (bentazon), Blazer (acifluorfen). Cobra 
(lactofen), Reflex (fomesafen), and the Basagran plus Blazer premixes, Galaxy and Storm. 
Com: Basagran and Buctril (bromoxynil) and their atrazine premixes, Laddok and 
Buctril/atrazine, are contact post herbicides. For foliar application AAtrex (atrazine),
Bladex (cyanazine) and the 1:3 premix, Extrazine II, act primarily as contact herbicides. 
Gramoxone Super (paraquat) is a nonselective contact herbicide used preplant or as a 
directed spray in com or soybeans.
Translocated (systemic) herbicides must penetrate the cuticle and reach the phloem to 
provide good control. Lower spray volumes often increase activity. If crop tolerance 
permits, adjuvants are often used with systemic herbicides. Crop oil concentrates may 
increase penetration but may also increase crop injury.
Com. Systemic post herbicides for com are 2,4-D, Banvel (dicamba). Stinger (clopyralid), 
Beacon (prlmisulfuron) and Accent (nicosulfuron). Soybeans: Systemic post herbicides used 
for broadleaf control are Classic (chlorimuron), Pinnacle (thifensulfuron), Pursuit 
(imazethapyr) Scepter (imazaquin) and 2,4-DB. Poast (sethoxydim), Assure (quizalofop), 
Fusilade (fluazifop) and Option (fenoxaprop) are systemic post herbicides. Roundup 
(glyphosate) is a nonselective, systemic herbicide used preplant or as a spot treatment in 
com or soybean.
Herbicide interaction is a concern when post herbicides are combined. Contact herbicides 
may bum  foliage too quickly and limit the uptake and action of systemic herbicides. 
Gramoxone Super (paraquat) combined with 2,4-D or Banvel (dicamba) will limit their 
effectiveness. Urea-ammonium nitrate (UAN or 28-0-0) combined with adjuvants and 
applied when temperature and relative humidity are high have sometimes caused severe 
contact foliar bum. This limits uptake and translocation of herbicides such as Classic 
(chlorimuron), Pinnacle (thifensulfuron), or Pursuit (imazethapyr). Accent (nicosulfuron) or 
Beacon (primisulfuron) combined with Bladex (cyanazine) or Basagran (bentazon) have a 
greater potential to injure com. Bentazon appears to affect the Accent/Beacon deactivating 
enzyme system.
Processes involved in postemergence herbicide use: Spray droplets must be intercepted and 
retained by the weeds, then they must penetrate the plant cuticle before they can be 
translocated to the site of action for kill. The steps may be called "Unto, Onto, Into, Thru
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and Do.” Interception (unto) is determined by nozzle orientation and plant canopy 
structure. Spray retention (onto) is determined by leaf orientation and makeup. The 
critical step is penetration (into).
Relative humidity, temperature and adjuvants play a major role in herbicide spray 
penetration. If penetration is slow and rainfall occurs too soon, poor weed control may 
result. Esters penetrate plant cuticles faster than amines or salts, thus esters do not require 
as long a rain-free period. Translocation (thru) is determined by growth rate and moisture 
status of the plant. Retention and penetration are the major steps affected by spray 
adjuvants. Dr. Liebl will address spray adjuvants for postemergence herbicide sprays.
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Selecting Adjuvants for Herbicides
R. Liebl
Postemergence herbicides have become increasingly important in weed management 
systems. These herbicides provide excellent control of many economically important weeds 
that are poorly controlled by soil-applied herbicides. In addition, as public concern for 
environmental contamination increases, herbicides that are applied postemergence offer 
considerable advantages over the soil-applied products. Many postemergence herbicides 
have soil activities and/or use rates that would have a limited impact on the environment, 
particularly on groundwater. Also, the use of postemergence herbicides allows the grower to 
adopt an integrated pest management (IPM) approach to weed control, using herbicides only 
when economically damaging weed infestations exist.
Spray adjuvants often are used with postemergence herbicide treatments to enhance 
herbicide activity. The inclusion of adjuvants, therefore, offers considerable economic and 
environmental benefits since the rate of an expensive or potentially toxic herbicide often 
can be reduced without limiting control. However, research and develop for adjuvants is 
not nearly as sophisticated as it is for herbicides. As a result, we only have a limited 
understanding of how adjuvants work. This makes adjuvant selection difficult and has 
contributed to the notion of adjuvants as "snake oils.” We recognize the importance of 
adjuvants, but which of the various substances we call adjuvants, including surfactants, 
crop oils, fluid fertilizers, methylated seed oils, and, most recently silicone additives, are 
the most effective? In order to answer this question we need to consider the target weed, 
chemical and biological nature of the herbicide and the properties of the adjuvant . The 
objective of this paper is to briefly examine the relationship among adjuvant, herbicide and 
plant in order to better understand the role of adjuvants as herbicide activators and identify 
the appropriate adjiivant.
HERBICIDE UPTAKE
Before any postemergence herbicide can control weeds, it must be transferred from the area 
of spray impact on the leaf into plant tissue. The leaves and stems are covered by a waxy 
membrane called the cuticle. It is the first barrier that must be overcome by any herbicide 
applied to above-ground plant parts. Thus the efficiency of cuticle retention, wetting, and 
penetration is the first factor that may determine herbicide activity. The waxes are the 
most important component in the cuticle as far as foliar retention and penetration of 
herbicides are concerned. Not only is the thickness of the wax important, but the 
composition of the wax also will affect herbicide uptake into plant leaves. Cuticle wax high 
in non-polar (fat soluble) hydrocarbons, long-chain aldehydes, and ketones are less 
permeable to water and herbicides than cuticles high in polar (water soluble) wax 
components. Common lambsquarters cuticles are high in non-polar wax which may impede 
the passage of polar herbicide molecules. Since the composition of waxes from different 
species varies substantially and certain wax components may be more permeable to 
herbicide penetration than others, it can be expected that cuticle permeability to a given 
herbicide or spray additive will differ among species.
The cell membrane is the second and final barrier to the absorption of herbicides by plants. 
Once the herbicide molecule has moved through the cuticle it must penetrate the cell 
membrane to reach the site of action. Like the cuticle, the cell membrane is a non-polar, 
lipid barrier to herbicide transport. Herbicides that are non-polar readily penetrate the 
membrane, whereas polar herbicides like glyphosate (Roundup) have a difficult time moving 
across this barrier.
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The chemical nature of the herbicide can have a profound impact on uptake into leaves. 
Non-polar herbicides such as atrazine, Poast, 2,4-D, and Cobra generally penetrate the 
non-polar cuticle and cell membrane more easily than polar herbicides like Roundup, 
Pursuit, and Pinnacle. It is therefore essential that polar herbicides be applied in 
combination with an adjuvant to improve performance.
EFFECT OF ADJUVANTS
The exact manner in which a herbicide spray adheres to and penetrates the leaf surface is a 
function of the herbicide, leaf surface, and physical and chemical properties of the spray. 
This complex interrelationship can be modified by the addition of adjuvants. Adjuvants are 
added to herbicidal sprays to enhance the activity of the herbicide. Properties of the spray 
solution influenced by adjuvants include surface tension, density, volatility, and solubility. 
These properties will , in turn, modify the spreading, retention, and penetration of the 
spray solution. However, the action of adjuvants is complex and not well understood. This 
makes selecting adjuvants difficult, resulting in confusing herbicide labels. Each of the 
seven broadleaf herbicides listed in Table 1 differs with respect to adjuvant selection.
SURFACTANTS
Waxes make leaf surfaces difficult to wet with aqueous solutions. Surfactants reduce the 
surface tension of spray solutions, thus enhancing droplet spread and leaf wettability. The 
new silicone based surfactants (e.g. Sylgard 309) are extremely effective at reducing surface 
tension. However, the interaction among surfactant, herbicide, and plant surface is more 
important than the surface tension lowering ability of the surfactant/herbicide solution. 
Since surfactants are capable of penetrating into wax components of the cuticle, surfactants 
will affect the solubility of herbicides in the wax fractions as well as the partitioning of the 
herbicide into and out of the cuticle. Differences in cuticle wax among species suggest that 
surfactant performance will vary depending on the species and herbicide.
The characteristics of a surfactant also will vary depending on the nature of the herbicide. 
Since glyphosate, which is a very polar herbicide, has difficulty penetrating the cell 
membrane, its activity is improved by the addition of polar surfactants whose activities 
include action at the level of the cell membrane.
OILS
The use of phytobland oil-surfactant blends (crop oils) as spray adjuvants is widespread. 
Crop oils contain phytobland paraffinic oils (mineral oil) of 70 to 110 sec viscosity. These 
oils are 95 to 98 percent oil and 1 to 2 percent nonionic surfactant/emulsifier. Crop oil is a 
misnomer since it is a petroleum and not a vegetable based oil. Crop oils are generally 
believed to promote the penetration of the herbicide spray through waxy cuticle. Oils also 
may be important for solubilizing non-polar herbicides such as Poast, Fusilade and atrazine 
in the spray deposit on the leaf surface.
Recently, methylated seed oils and fatty acids have become very popular adjuvants. 
Examples of methylated seed oils/fatty acids include Sunit, Scoil, and Dash. These 
materials are very effective with a wide variety of herbicides, particularly the soybean post 
grass herbicides. Like the crop oils, the methylated fatty acids may enhance herbicide 
performance by improving herbicide penetration.
AMMONIUM (NH4+)
The merit of using ammonium salts (in the form of liquid fertilizers) to enhance herbicide 
performance has been recognized in the past five years. The addition of nitrogen fertilizer 
solutions to herbicide sprays has resulted in improved control of many weeds. Velvetleaf is 
particularly responsive to the addition of fluid fertilizers to the spray mix. Velvetleaf 
control with various herbicides has been improved 10 to 25 percent by the addition of 1
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gallon per acre of 28 percent nitrogen to the spray solution compared to crop oil. The 
control of grasses Is less affected by the inclusion of ammonium fertilizer solutions. It is 
not clear how ammonium salts are able to improve herbicide performance. Evidence 
suggests that the site of action for ammonium, as an adjuvant, is past the cuticle and is at 
the cell membrane. Herbicides, which appear to benefit from the addition of ammonium , 
are relatively polar, weak acid herbicides, and include Basagran, Classic, Pinnacle, Pursuit, 
and Scepter.
Although we have gained considerable experience with adjuvants over the years, we are still 
lacking information on the ways adjuvants modify spray solutions and leaf surfaces to 
improve herbicide penetration into plants. Once determined, such information will allow 
for the development of spray systems that will result in enhanced performance, reduced 
rates, and fewer unwanted side effects.
Table 1. Spray adjuvant for soybean broadleaf herbicides
Herbicide Spray Adjuvant
POC VOC NIS Dash/Sunit UAN
Basagran yes yes no yes yes
Classic yes no yes no yesa
Cobra yes ?b yesc no yes
Galaxy yes yes no no yes
Reflex yes ?b yes no yesa
Pinnacle &d no yes no yesa
Pursuit yes yes yes yes yesa
POC, petroleum oil concentrate; VOC, vegetable oil concentrate; NIS, nonionic surfactant; 
UAN, urea ammonium nitrate.
a UAN can be used with a surfactant or oil adjuvant, 
b Label does not specify. 
c If high humidity, 
d Half rate if drouthy.
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Techniques For Reducing Spray Drift
R. Wolf and L. Bode
When applying pesticides there is always a chance that some will escape from the target 
area. Drift is of concern because it removes the chemical from the intended target, making 
it less effective. In addition, the chemical is deposited where it is not needed and often not 
wanted. The second concern is generally the most critical because the pesticide becomes an 
environmental pollutant in the off-target area. Off-target deposits can injure susceptible 
vegetation, damage wildlife, and contaminate water supplies. Costly problems can result 
when carelessly applied pesticides, especially herbicides drift and cause damage to 
economically or aesthetically important crops. Although drift cannot be completely 
eliminated, the use of proper equipment and spraying techniques will maintain drift 
deposits within acceptable limits.
The primary recommendation for drift control is to read the pesticide label. Instructions 
are given to insure the safe and effective use of pesticides with minimal risk to the 
environment. Chemical company surveys indicate that approximately two-thirds of drift 
complaints involved application procedures known to be "off-label."
There are two ways that herbicides move downwind to cause damage: 1) particle drift and 
2) vapor drift. Particle drift is the off-target movement of spray particles formed during 
application. Vapor drift is associated with the volatilization of herbicide molecules and the 
movement of these molecules off-target, making it independent of the application. The 
vapor drift potential of a herbicide can be predicted by its vapor pressure in relation to air 
temperature, the size of the treated area, and climatic conditions. Most investigations show 
that the distances that vapor can travel are much greater than the distances traveled by 
particle drift of nonvolatile herbicides. Because the volatilities of herbicides generally are 
known, appropriate formulations can generally be used that will not produce unacceptable 
off-target effects.
The amount of particle drift depends mainly on the number of small "driftable" particles 
produced by the nozzle. Although excellent coverage can be achieved with extremely small 
droplets, decreased deposition and increased drift potential limit the minimum size that 
will provide effective weed control.
With water carriers, spray droplets decrease in size during application due to evaporation. 
Even in a 1 to 2 mph wind, droplets less than 100 microns in size obtain a horizontal 
trajectory in a very short time and the water in the droplet rapidly disappears. The droplets 
of pesticide become very small aerosols most of which will not fall out until picked up in 
falling rain. For example, water droplets less than 20 microns in diameter will evaporate 
in less than one second at a distance of less than one inch below the nozzle. Droplets over 
100 microns in size resist evaporation much more than smaller droplets due to their larger 
ratio of volume to surface area.
From these and other research results, we can conclude that there is a rapid decrease in drift 
potential of droplets as they increase to about 150 or 200 microns. The size where drift 
potential decreases depends on wind speed, but generally the size lies in the range of 150 to 
200 microns for wind speeds of 1 to 7 miles per hour. For typical ground applications of 
pesticides with water carriers, droplets of 50 microns or less will completely evaporate to a 
residual core of pesticide before reaching the target. Droplets greater than 150 microns will 
have no significant reduction in size before deposition on the target. Evaporation of 
droplets between 50 and 150 microns is significantly affected by temperature, humidity and 
other climatic considerations.
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Most hydraulic nozzles produce a wide range of droplet sizes from less than 10 microns to 
over 1000 microns depending on the type and size of nozzle being used. The actual size 
distribution of droplets produced by a nozzle needs to be known in order to make 
adjustments concerning coverage, deposition and spray drift potential.
To estimate the drift potential from spray nozzles, the percentage of the spray volume that 
is contained in droplets having diameters less than 100 microns frequently is used to 
represent the "driftable" fraction of spray produced by a nozzle. Table 1 shows a summary 
of droplet sizes for typical nozzles used to apply herbicides. As shown in the table, there is a 
wide range of spray volume contained in droplets less than 100 microns . The spray volume 
contained in small droplets is affected by on nozzle type, nozzle size, and spray pressure.
For each application, these operating parameters must be selected to provide the coverage 
required while maintaining the drift potential within acceptable limits.
Techniques used when applying herbicides greatly determine the amount of spray drift that 
occurs (Table 2). The type of nozzle, pressure, height and spray volume all affect the off- 
target movement. The ability to reduce drift is no better than the weakest component in the 
spraying procedure.
The potential for drift must be considered in selecting a nozzle type. Of the many nozzle 
types available for applying pesticides, a few are specifically designed for reducing drift.
The Raindrop nozzle, for example, has been designed to effectively reduce the exit pressure at 
the spray tip .resulting in a reduction of small droplets. Some nozzles are designed to 
operate effectively at low pressures. Extended range flat-fan nozzles provide uniform spray 
patterns at pressures down to 15 psi, thereby reducing the amount of small driftable spray 
particles in the spray pattern. Higher pressures produce finer spray droplets.
Spray height is an important factor in reducing drift losses. Drift can be reduced by 
mounting the boom closer to the ground. Correct spray height for each nozzle type is 
determined by nozzle spacing and spray angle. Wide-angle nozzles can be placed closer to 
the ground than nozzles producing narrow spray angles. On the other hand, wide-angle 
nozzles also produce smaller droplets. When this occurs, the advantages of lower boom 
height are negated to some extent.
Using larger nozzle sizes is a means of minimizing drift. Increasing the spray volume by 
using higher capacity spray tips results in larger droplets that are less likely to move off- 
target. The only effective means of reducing drift by increasing spray volume is to increase 
the nozzle size.
Weather conditions can have a major impact on the amount of off-target drift. Factors 
affecting drift include wind speed and direction, temperature, relative humidity, and 
atmospheric stability. Wind speed is usually the most critical factor of all meteorological 
conditions affecting drift. The greater the wind speed, the farther off-target small droplets 
will be carried.
Determining the wind direction relative to sensitive crops is important in attempting to 
minimize damage from drift. The presence of sensitive vegetation downwind often is 
overlooked by applicators. Leaving a buffer zone at the downwind edge of a spray area will 
reduce greatly damage to sensitive plants. After the wind has died down or changed 
direction, the buffer zone can be safely sprayed safely.
Temperature and humidity also affect the amount of drift that occurs through evaporation 
of spray particles. Although some evaporative loss of spray occurs under all atmospheric 
conditions, these losses are less pronounced in cool and damp conditions. Temperature also 
influences atmospheric air turbulence, stability, and inversions.
A stable atmosphere or "inversion" can be recognized by observing a column of smoke. If 
the smoke does not dissipate or if it moves downwind without vertical mixing, conditions
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are not good for spraying. The best way to avoid drift associated with atmospheric 
conditions is to eliminate the formation of small particles from the spray. Once this is 
done, weather stability factors essentially can be ignored.
One of the best tools available for minimizing drift damage is the use of drift control 
additives to increase the spray droplet size. Tests indicate that downwind drift deposits are 
reduced from 50 to 80% with the use of drift control additives. Drift control additives make 
up a specific class of chemical adjuvants and should not to be confused with products such 
as surfactants, wetting agents, spreaders, and stickers. Drift control additives are 
formulated to produce a droplet spectrum with fewer small droplets.
A number of drift control additives are commercially available but they must be mixed and 
applied according to label directions in order to be effective (Table 3). Some products are 
recommended to be used at a rate of two to eight ounces per 100 gallons of spray solution. 
Increased rates may further reduce drift but also may cause nozzle distribution patterns to 
be nonuniform. Drift control additives will vary in cost from as low as 10 cents to above 
one dollar per acre. They do not eliminate drift, however, and common sense must still 
remain the primary factor in reducing drift damage.
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Table 1. Comparison of droplet spectrum s for various nozzle types, sizes, and  pressures
DROPLET SIZE COMPARISONS OF NOZZLE TYPE AT 40 PSI
Volume % of
Nozzle Nozzle Nozzle Median Spray Vol.
Type Size Flow Diameter under 100
(GPM) (Microns) microns
Flooding No. 1.0 0.2 185 15.5
No. 2.5 0.5 225 11.5
No. 5.0 1.0 310 8.5
Whirl- No. 2 0.2 145 23.0
chamber No. 5 0.5 175 18.0
No. 10 1.0 235 10.5
Raindrop RA-2 0.2 330 1.0
RA-5 0.5 590 0.6
RA-10 1.0 980 0.4
DROPLET SIZE COMPARISON O F  N O ZZLE STZE AT 40 PSI
Volume % of
Nozzle Nozzle Nozzle Median Spray Vol.
Type Size Flow Diameter under 100
(GPM) (microns) microns
Flat-Fan No. 1 0.1 160 23.0(110°) No. 2 0.2 240 10.0
No. 4 0.4 325 4.5
No. 8 0.8 425 2.5
DROPLET SIZE COMPARISONS OF PRESSURE
Volume % of
Nozzle Spray Median Spray Vol.
Type Pressure Diameter under 100
(psi) (microns) microns
Whirl- 10 430 0.08
chamber 20 309 0.26
40 261 0.63
60 230 1.88
Flat-Fan 20 344 0.81
(80°) 40 280 2.88
60 236 5.45
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Table 2. Sum m ary of recom m ended procedures for reducing drift damage
Recommended Procedure Example Explanation
Select nozzle type that 
produces coarse droplets.
Raindrop, Wide-angle full- 
cone, Flooding
Use as large droplets as 
practical to provide 
coverage necessary.
Use lower end of pressure 
range.
Use 20 to 40 psi for 
Raindrop. Less than 25 psi 
for other types.
Higher pressures generate 
many more small droplets 
(less than 100 microns).
Lower boom height. Use as low a boom height 
as possible to maintain 
uniform distribution.
Use drops for systemic 
herbicides in com.
Wind speed increases with 
height. A few inches lower 
boom height can reduce 
off-target drift.
Increase nozzle size. If normal gallonage is 15 to 
20 GPA, increase to 25 to 
30 GPA.
Larger capacity nozzles will 
reduce spray depositing off- 
target.
Spray when wind speeds 
are less than 10 MPH and 
moving away from sensitive 
plants.
Leave a buffer zone if 
sensitive plants are 
downwind. Spray buffer 
zone when wind changes.
More of the spray volume 
will move off-target as 
wind increases.
Do not spray when the air 
is completely calm or an 
inversion exists.
Inversions generally occur 
in early morning or near 
bodies of water.
Calm air or inversions 
reduce air mixing and spray 
can move slowly 
downwind.
Use a drift control additive 
when needed.
Several long-chain polymers 
are available (See Table 3).
Drift control additives 
increase the average droplet
size produced by the 
nozzles.
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Table 3. Drift control agents, percent principal agents, suggested rates, and sources3
Product % Principal Rate/ Company
Agent 100Galb
More Polyvinyl Polymer 
(Polyacrylamide) 
30%
4-10 oz Exacto Chemical Co.
P.O. Box 90
Solon Mills, IL 60080
815/675-6060
800/798-9761
Formula 358 Polyvinyl Polymer 
(Polyacrylamide) 
1%
1-4 qts Exacto Chemical Co.
Chem-trol Polyvinyl Polymer 
(Polyacrylamide) 
1%
1-4 qts Loveland Industries Inc. 
P.O. Box 1289 
Greeley, CO 80632 
303/356-8920
38-F Polyacrylamide
Polymer
32%
2-5 oz Loveland Industries Inc.
Direct Polyvinyl Polymer 
(Polyacrylamide) 
30%
2-4 oz Precision Laboratories 
P.O. Box 127 
Northbrook, IL 60065 
800/323-6280
Windfall Linear
Alcylexpoxide
Polymer
1.98%
5 pints Terra International, Inc. 
3506 N. Mattis Avenue 
Champaign, IL 61821 
217/398-1575
Polycontrol-2 Polyacrylamide
Copolymer
30%
3-8 oz JBL Int'l Chemical, Inc. 
P.O. Box 6006 
Vero Beach, FL 
407/562-0555
Driftgard Anionic
Polyacrylamide
25%
4-8 oz Custom Chemicides 
P.O. Box 11216 
Fresno, CA 93772 
209/264-0441
Drifgon Polyvinyl Polymer 
30%
Polysaccharide 
Polymer - 20%
2-10 oz SanAg
3959 Goodwin Ave.
Los Angeles, CA 90039 
213/245-6781
41-A DF Polyacrylamide 
Polymer - 27% 
Polysaccharide 
Polymer - 3%
3-4 oz SanAg
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Table 3 (continued).
Product % Principal 
Agent
Rate/ 
100 Galb
Company
38-F Polyacrylamide
Polymer
32%
4-8 oz SanAg
Spray-Trol PolyOxyethelene 1-3 oz Spectrum Technologies, Inc 
Plainfield, IL 60544 
815/436-4440
Nalcotrol Polyvinyl Polymer 
30%
4-8 oz Nalco Chemical Co.
One Nalco Center 
Naperville, IL 60563-1198 
708/305-1000
Nalcotrol II Polyamide
Copolymer
30%
4-8 oz Nalco Chemical Co.
Stayput Polyvinyl Polymer 
1.0%
1-3 qts Nalco Chemical Co.
a Mention of a trade name is for specific information only and does not constitute a 
guarantee or warranty of the product by the University of Illinois and does not imply 
endorsement of the product over other products not mentioned. Precautions should be 
taken to refer to drift reduction agent labels for specific application recommendations.
b Aerial, ground, and air-carrier application rates will vary.
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Incorporating Environmental Costs 
into Insect Management Decisions
L. Higley and W. Wintersteen
Currently, pesticides are among the most common tactics used to control pests, despite 
potential hazards to humans and the environment. In some instances, alternative practices 
can eliminate or reduce the need for pesticides; however, in other situations, pesticides may 
be the only available choice. As long as pesticides are important method for managing 
pests, it is essential that pesticides not be used unnecessarily and that potential 
environmental effects of pesticides use are considered.
For the most part, environmental considerations for the use of any pesticide are addressed 
through pesticide legislation and regulation, such as banning compounds or changing labels. 
However, legislation and regulation cannot ameliorate all environmental hazards posed by 
pesticides. For example, the negative environmental effects of some pesticides may not be 
sufficiently severe to merit regulation, but a significant environmental risk still may be 
associated with their use. Further, environmental hazards posed by a given pesticide can 
differ depending on the situation in which it is used. For instance, some highly mobile 
pesticides may be used safely on normal soils, but they may pose a substantial threat to 
groundwater on sandy soils. Similarly, a given pesticide may not pose a threat to non- 
target organisms at one location, but the same pesticide may be a substantial risk to non­
target organisms at another location.
Some pesticide-specific environmental hazards and site-specific differences in pesticide use 
can be accommodated through changes in the label of the pesticide. For example, use of a 
pesticide may be prohibited on certain types of soils where groundwater contamination is 
probable or in counties where endangered species are present. However, restrictions appear 
only after a lengthy regulatory review process and only for major environmental threats. 
Thus, regulatory and legislative efforts to reduce environmental hazards associated with 
pesticides may not address some risks associated with pesticides.
Besides governmental actions like pesticide regulations, users themselves can reduce many 
environmental risks associated with pesticides. By managing pests through the use of 
integrated pest management (IPM) programs, individual growers can achieve proper pest 
control while maintaining environmental quality. A major feature of IPM programs is 
determining how and when pests need to be controlled, a vital step to avoid unnecessary 
pesticide use. To answer this question of when to control pests, researchers developed the 
concept of the economic injury level (EIL), a keystone for all IPM programs.
The economic injury level, as the name suggests, is the point where control of a pest is 
economically justified. It is defined as the pest level at which the cost of controlling a pest 
is equal to the benefits derived by controlling the pest (Pedigo et al. 1986). If pest numbers 
are below the EIL, control is not warranted; if pest numbers are above the EIL, control 
measures should be implemented. Integrated pest management programs based on 
appropriate EILs have been extremely successful in maintaining or improving production 
profitability while reducing unnecessary pesticide applications. For example, insecticide 
use on com following soybeans in Iowa was reduced by 71 percent from 1979 to 1985 
through the use of IPM programs (Wintersteen and Hartzler 1987).
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Although pesticide use can be decreased through the use of EILs, the EIL concept itself does 
not explicitly address environmental concerns. In determining the costs of using a 
pesticide, EIL calculations include only material and application costs of the pesticide, not 
any environmental costs (Pedigo et al. 1986, 1989). Unfortunately, no formal mechanism 
for considering environmental costs associated with pesticide use exists within the EIL. 
Therefore, although EILs help reduce pesticide overuse, they do not reflect the 
environmental hazards presented by pesticide use.
Many workers have recognized the need to incorporate environmental costs into EILs.
Indeed, incorporating environmental costs of pesticide use was identified as a major need to 
improve decision making in pest management (Pedigo et al. 1989). To date, this effort was 
constrained by numerous factors, especially:
1. The lack of a formal mechanism for including environmental costs in the EIL 
calculation;
2. Insufficient information on specific environmental hazards posed by different 
insecticides;
3. The difficulty for an individual grower to assign a monetary cost for environmental 
risks associated with pesticide use;
4. The perception that growers would be unwilling to use decision guides that place a 
value on environmental risks.
We have developed a procedure for incorporating environmental costs into EILs that 
surmounts these limitations. Details of the procedure, example calculations, data regarding 
pesticide risks and sample environmental EILs are provided in Higley and Wintersteen 
(1992). The procedure incorporates environmental risks into the mathematical calculation 
of the EIL, which retains the traditional format of the EIL. This method accounts for 
potential environmental hazards by placing a monetary value on environmental costs of a 
given pesticide application and adding this to the pesticide costs. Although information 
about specific environmental hazards may not be available for many compounds, we 
developed a formal rating scheme for pesticides that estimates their potential 
environmental hazard by accumulating data on a variety of insecticide properties (such as 
water solubility, toxicities, persistence, etc.).
Perhaps the greatest challenge in producing environmental EILs is to assign dollar values to 
potential environmental hazards posed by a single pesticide application. Certainly, any 
estimate of environmental costs will be subjective; however, some recently developed 
procedures provide a means of formalizing such subjective estimates. In calculating EILs for 
pests that produce aesthetic injury (injury that affects the appearance of a plant but causes 
no directly measurable loss in value), researchers surveyed consumers to relate a loss (in 
dollars) to different levels of aesthetic injury (Raupp et al. 1987). This study was an 
application of an economic procedure called contingent valuation. Contingent valuation is 
a method for estimating, through opinion surveys, the value of nonmarket goods (Anderson 
and Bishop 1986). We used contingent valuation to assign dollar values to different levels of 
risk associated with pesticides.
Establishing environmental costs requires:
1. Information about the risks associated with pesticide use for different 
environmental categories;
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2. Estimates of the relative importance of each environmental category;
3. Estimates of the monetary value of avoiding levels of environmental risk.
For insecticides, we identified eight specific environmental categories potentially at risk 
(surface water, groundwater, aquatic organisms, birds, mammals, beneficial insects, 
humans (acute effects), and humans (chronic effects)). We used levels of high, moderate, low, 
and no risk for each environmental category and determined levels of risk in these 
categories based on pesticide properties like toxicity, persistence, and water solubility.
The relative importance of individual categories of risk and the monetary value of avoiding 
levels of risk cannot be determined objectively because both are intrinsically subjective 
values. Contingent valuation surveys provided a means of formalizing estimates of these 
values. We surveyed 8,000 field crop producers in Illinois, Iowa, Nebraska, and Ohio to 
estimate these values. Figure 1 presents the survey page on insecticides. By asking 
producers to rank different risks and to indicate how much they would pay to avoid 
different levels of risk, we obtained the information necessary for calculating 
environmental EILs.
Survey responses indicated substantial concern regarding risks to the environment. On a 1- 
10 scale of increasing importance, mean responses ranged from 7.8 for risks to mammals to 
9.4 for acute and chronic human toxicity. Mean environmental cost estimates were $12.54 
to avoid high risk, $8.76 to avoid moderate risk, and $5.79 to avoid low risk. These figures 
are the amounts respondents indicated they would be willing to spend or accept in 
additional yield losses to avoid different levels of risk from one insecticide application.
These data allowed us to calculate environmental costs for specific pesticides and to 
incorporate the environmental costs into EILs. We selected 32 common field crop 
insecticides and determined the level of risk that each posed to individual environmental 
categories. Levels of risk were based on pesticide properties (Becker et al. 1989, Hotchkiss 
et al. 1990). We calculated an environmental cost for each insecticide and each 
environmental category by multiplying the relative importance of the category by the 
appropriate risk cost. The relative importance of each category was calculated by dividing 
the mean importance of a category by the total across all categories. Table 1 presents the 
results of these calculations for common field crop insecticides.
To illustrate how these values can be used, we calculated EILs for first-generation European 
com borer, Ostrinia nubilalis, on early whorl stage com, Zea mays, by using information 
on seven insecticides recommended for management of this insect (Table 2). The 
environmental cost information can be used as selection criteria for choosing the least 
environmentally hazardous material, with the compound having the lowest cost being the 
least hazardous. Also, the total cost column provides a means of selecting a pesticide 
according to both environmental and direct costs of a pesticide. Even if a producer is 
unwilling to include environmental costs directly in pest management decision making, the 
environmental cost information can still be used to select the least environmentally 
hazardous material. Finally, environmental cost data can be incorporated in EIL 
calculations to provide an environmental EIL. The environmental EIL incorporates both 
economic criteria and environmental risk criteria for IPM decision making. Thus, because 
of environmental risks posed by pesticides, producers who use environmental EILs would 
tolerate higher levels of pests and would likely use pesticides less often.
A concern regarding environmental EILs is that growers would be unwilling to use a 
decision tool that includes environmental costs. Because environmental costs are based on
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grower opinions regarding the value of avoiding certain environmental hazards, realistic 
estimates of these costs are included -- estimates that growers themselves have made. On a 
more fundamental level, we disagree with the notion that growers would be unwilling to 
consider environmental hazards when making decisions about pesticides. In the 1988 Iowa 
Farm and Rural Life Poll (based on responses from over 2,000 farm operators), four of the 
top nine agricultural issues of concern to respondents related to detrimental effects from the 
use of pesticides and farm chemicals (Lasley 1988). Results from our survey of 8,000 field 
crop producers indicate substantial concerns among respondents regarding environmental 
risks assosicated with pesticides. Given this interest by producers, we believe it is essential 
to develop tools, such as environmental EILs, that assist farmers in making the most 
appropriate decision and choices possible.
Environmental EILs provide a method for choosing the least hazardous pesticide and for 
reflecting environmental considerations in pest management decision making. Whether 
environmental EILs will become standard tools in pest management programsremains to be 
seen. But guidelines like environmental EILs clearly are needed if agriculture is to be more 
responsive to environmental considerations in pesticide use. Consequently, we believe 
methods for reflecting environmental risks in pest management decisions are likely to be of 
increasing future importance.
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Figure 1. Portion of survey sent to field crop producers in the north central region. Other 
sections asked for background information and corresponding questions on 
herbicides.
Insecticides
Please rate how important you believe it is to reduce or avoid risk from insecticides in each of the 
following areas. Please circle the appropriate number.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
Environmental Area at Risk Importance
Not
Important
(MO)
Very
Important
surface water (streams, rivers, ponds and lakes) 1 2 3 4 5 6 7 8 9 10
ground water (wells and aquifers) 1 2 3 4 5 6 7 8 9 10
fish 1 2 3 4 5 6 7 8 9 10
birds (game and song birds, eagles, hawks, etc.) 1 2 3 4 5 6 7 8 9 10
mammals (rabbits, deer, etc.) 1 2 3 4 5 6 7 8 9 10
beneficial insects (honey bees, lady beetles, etc.) 1 2 3 4 5 6 7 8 9 10
livestock/crops (livestock poisoning, crop damage) 1 2 3 4 5 6 7 8 9 10
native plants (flowers, grasses, trees) 1 2 3 4 5 6 7 8 9 10
endangered species (threatened plants and animals) 1 2 3 4 5 6 7 8 9 10
yourself and others (poisoning) 1 2 3 4 5 6 7 8 9 10
chronic (long term) health effects to yourself/family 1 2 3 4 5 6 7 8 9 10
One way to address environmental risks from insecticides is to decide how much avoiding certain 
levels of risk would be worth. By putting a dollar value on avoiding these risks, we can identify 
how much more we would be willing to pay for safer insecticides or how much more yield 
reduction we would be willing to tolerate before using an insecticide.
The average cost of an insecticide treatment ranges from $7 to $15 per acre (including application 
and material costs). A producer may be willing to spend additional amounts to reduce or avoid 
the environmental impact of an insecticide application. In practice, these additional costs might 
be spent as a premium for a safer insecticide or as the greater yield losses that would be tolerated 
to avoid insecticide use.
18. Approximately how much did you spend on insecticides in 1989, including application costs?
$_____________
19. For one application of insecticide, what would you be willing to spend or accept in yield 
losses? Please provide an answer for each level of risk:
a. to avoid high risks to the environment $ /acre
b. to avoid moderate risks to the environment $ /acre
c. to avoid low risks to the environment $ /acre
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Table 1. Level of environmental risks and calculated environm ental costs in  U. S. dollars (per 0.4047 ha [=per acre] for one
pesticide application) for field crop insecticides, evaluated for eight environm ental categories (after Higley &
W intersteen 1992)
Insecticide
Surface
water
Ground
water
Aquatic
environ. Birds Mammals
Beneficial
insects
Human - 
acute
Human - 
chronic
Total
cost
acephate LR0.73 LR0.77 LR 0.68 HR 1.46 LR0.65 LR0.69 LR0.79 LR 0.79 6.58
aldicarb LR0.73 HR 1.68 HR 1.48 HR 1.46 HR 1.42 HR 1.50 HR 1.71 LR 0.79 10.76
azinphos-methyl HR 1.59 LR 0.77 HR 1.48 HR 1.46 HR 1.42 HR 1.50 HR 1.71 MR 1.19 11.12
B. thuringiensis 
var. Kurstaki NR 0.00 LR 0.77 LR 0.68 NR 0.00 NR 0.00 NR 0.00 NR 0.00 LR0.79 2.25
carbaryl MR 1.11 LR 0.77 HR 1.48 MR 1.02 MR 0.99 MR 1.05 MR 1.19 LR 0.79 8.41
carbofuran LR0.73 HR 1.68 HR 1.48 HR 1.46 HR 1.42 HR 1.50 HR 1.71 LR0.79 10.76
chlorpyrifos HR 1.59 LR 0.77 HR 1.48 HR 1.46 MR 0.99 HR 1.50 MR 1.19 MR 1.19 10.18
diazinon MR 1.11 MR 1.17 HR 1.48 HR 1.46 LR0.65 HR 1.50 LR 0.79 LR0.79 8.95
dimethoate LR0.73 MR 1.17 HR 1.48 HR 1.46 HR 1.42 MR 1.05 HR 1.71 MR 1.19 10.21
diflubenzuron HR 1.59 LR 0.77 MR 1.04 NR 0.00 NR 0.00 MR 1.05 NR 0.00 LR0.79 6.02
disulfoton MR 1.11 LR0.77 HR 1.48 HR 1.46 HR 1.42 MR 1.05 HR 1.71 MR 1.19 10.19
esfenvalerate HR 1.59 LR 0.77 HR 1.48 MR 1.02 MR 0.99 HR 1.50 MR 1.19 LR 0.79 9.34
ethyl parathion HR 1.59 LR0.77 HR 1.48 HR 1.46 HR 1.42 MR 1.05 HR 1.71 MR 1.19 10.67
ethoprop MR 1.11 HR 1.68 HR 1.48 MR 1.02 HR 1.42 HR 1.50 HR 1.71 MR 1.19 11.11
fenvalerate HR 1.59 LR 0.77 HR 1.48 LR 0.67 LR0.65 HR 1.50 LR 0.79 LR0.79 8.25
fonofos HR 1.59 MR 1.17 HR 1.48 HR 1.46 HR 1.42 HR 1.50 HR 1.71 MR 1.19 11.52
Table 1. (continued)
Insecticide
Surface
water
Ground
water
Aquatic
environ. Birds Mammals
Beneficial
insects
Human - 
acute
Human - 
chronic
Total
cost
malathion LR0.73 LR0.77 MR 1.04 LR 0.67 LR0.65 LR0.69 LR0.79 LR 0.79 6.14
methidathion MR 1.11 MR 1.17 MR 1.04 MR 1.02 MR 0.99 HR 1.50 MR 1.19 MR 1.19 9.21
methomyl MR 1.11 HR 1.68 HR 1.48 HR 1.46 HR 1.42 HR 1.50 HR 1.71 LR0.79 11.14
methoxychlor LR 0.73 LR0.77 HR 1.48 LR0.67 LR 0.65 HR 1.50 LR 0.79 LR 0.79 7.40
methyl parathion MR 1.11 LR0.77 HR 1.48 HR 1.46 HR 1.42 MR 1.05 HR 1.71 MR 1.19 10.19
mevinphos LR 0.73 MR 1.17 HR 1.48 HR 1.46 HR 1.42 LR0.69 HR 1.71 MR 1.19 9.86
oxydemeton methyl LR 0.73 HR 1.68 HR 1.48 HR 1.46 MR 0.99 MR 1.05 MR 1.19 MR 1.19 9.78
permethrin HR 1.59 LR0.77 HR 1.48 LR0.67 LR 0.65 HR 1.50 LR 0.79 LR 0.79 8.25
phorate HR 1.59 LR0.77 HR 1.48 HR 1.46 HR 1.42 HR 1.50 HR 1.71 LR 0.79 10.72
phorate + 
flucythrinate HR 1.59 LR0.77 HR 1.48 HR 1.46 HR 1.42 HR 1.50 HR 1.71 LR 0.79 10.72
phosmet MR 1.11 LR0.77 HR 1.48 LR0.67 MR 0.99 MR 1.05 MR 1.19 MR 1.19 8.46
propargite HR 1.59 LR0.77 HR 1.48 LR0.67 LR 0.65 LR0.69 LR0.79 MR 1.19 7.85
tefluthrin MR 1.11 LR0.77 HR 1.48 LR0.67 HR 1.42 HR 1.50 HR 1.71 LR 0.79 9.45
terbufos MR 1.11 LR0.77 HR 1.48 HR 1.46 HR 1.42 MR 1.05 HR 1.71 LR 0.79 9.79
thiodicarb MR 1.11 LR0.77 MR 1.04 LR0.67 MR 0.99 MR 1.05 MR 1.19 MR 1.19 8.02
trichlorfon LR0.73 HR 1.68 HR 1.48 HR 1.46 MR 0.99 HR 1.50 MR 1.19 MR 1.19 10.23
a HR=high risk; MR=moderate risk; LR=low risk; NR=no risk
Table 2. Example environmental costs and EILs for first generation European com borer in early whorl stage com (after 
Higley and Wintersteen 1992)a
Insecticide 
common name
Insecticide 
trade name
Insect­
icide 
cost, $
Environ­
mental 
cost, $
Total 
cost, $
Conven­
tional
EILb
Environ­
mental
EILb
Bacillus
thuringiensis Dipel 10G 14.63 2.25 16.88 1.32 1.53
carbofuran Furadan 15G 14.47 10.76 25.23 1.31 2.28
chlorpyrifos Lorsban 15G 14.55 10.18 24.73 1.32 2.24
diazinon Diazinon 14G 15.67 8.95 24.62 1.42 2.23
fonofos Dyfonate 20G 14.14 11.52 25.66 1.28 2.32
methyl
parathion Penncap-M 15.43 10.19 25.62 1.40 2.32
permethrin Pounce 1.5G 12.20 8.25 20.45 1.10 1.85
a Calculations based on Showers et al. (1989), with EIL=costs/VDIK, where V = $2.54/kg (=$2/bu; based on 25.4 kg/bu), DI = 6.51 
kg/larva/plant (=8.25 bu/acre/larva/plant; based on 150bu/a expected yield and 5.5% loss/larva/plant), and K = 0.67. 
Insecticide costs are based on the lowest recommended application rates in Foster et al. (1988), insecticide price survey by 
Kalisch (1988), and $5/acre application cost; all costs are in $/0.4047 ha (=$/acre).
b EILs are given in larvae per plant.
Adding Precision to Weed Control Systems
H. Coble
One of the surest ways of adding precision in weed control is to make sure that any 
operation performed is actually needed. Of primary importance in judging whether an 
operation is needed is a thorough knowledge of the weed species present, their relative 
severity, and the expected damage to the crop. Of greatest immediate concern to the producer 
is the economic return associated with a crop production practice and the sustainability of 
that practice.
Because both biological and economic effects and costs are considered, an economic 
threshold offers a method by which profitable and sustainable weed management decisions 
can be made. An economic threshold for weeds may be defined as the weed population at 
which the cost of control is equal to the value of crop yield attributable to that control. 
Mathematically, the economic threshold for an individual crop may be defined as:
tE = (Ch + Ca)/(YPLH)
where tE is the economic threshold, Ch is the herbicide cost, Ca is application cost, Y is the
weed-free crop yield, P is the value per unit of crop, L is the proportional loss per unit weed 
density, and H is the proportional reduction in weed density by the herbicide treatment. It 
is apparent from this equation that any increase in herbicide or application cost will 
increase economic thresholds, other factors being constant. On the other hand, any 
increase in crop yield, value, degree of weed control, or crop loss per unit weed density will 
lower economic thresholds, other factors being constant. Three of the factors involved in 
economic threshold calculations - herbicide cost, application cost, and crop value per unit - 
can be estimated fairly accurately by individual growers. However, potential crop yield, 
proportional loss per unit weed density, and herbicide efficacy are more difficult to estimate 
because of the variability associated with weather, weed species makeup, weed size and 
cropping systems effects on these variables.
Economic thresholds generally refer to in-season decisions during a single crop year, and do 
not include a cost factor associated with possible increases in the soil weed seedbank. The 
term economic optimum threshold (EOT) has been used to include the impact of weed 
seedbank dynamics on long-term profitability of weed management decisions. Inclusion of 
seed production as a cost factor likely will reduce economic threshold populations, thus 
increasing the probability of control measures being necessary. However, current economic 
thresholds probably over-estimate the effects of weed interference. Most threshold studies 
are based on weed populations present at crop maturity, whereas, weed control decisions 
based on weed numbers are made very early in the crop season. A natural decline in weed 
populations usually occurs over the growing season, making any decisions based on early- 
season weed numbers overly conservative (over-estimates the weed interference effects). In 
addition, many interference studies are conducted under conditions favoring weed 
establishment, and grower practices that would reduce growth and competitiveness of weeds 
are generally not used. Weeds that escape a PRE herbicide application and that survive to 
compete with the crop are generally less competitive than those in non-herbicide treated 
plots. Additional research on the influence of common agronomic practices such as 
herbicide application and cultivation is needed to further refine economic threshold 
estimates.
More growers are likely to use modifications of economic thresholds called action 
thresholds. Action thresholds may be defined as the weed population at which a grower 
decides to institute a control tactic. Action thresholds may be above, below, or at the
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economic threshold level. For most growers, risk aversion is a more compelling philosophy 
than profit maximization, and they are likely to take control actions at weed populations 
below the true economic threshold. These growers see risk aversion as a means of 
sustainability of profit over years. However, even those growers who choose action 
thresholds below true economic thresholds would benefit from knowing what the economic 
thresholds are in order to have a beginning point for making action threshold choices. The 
best action thresholds should still be based on some sort of economic justification that may 
be mitigated by other factors.
IMPLEMENTATION OF AN ECONOMIC THRESHOLD MODEL
Use of the economic threshold concept in determining the need for weed control has been on 
the increase in com and soybean since the development of several highly effective and 
selective POST herbicides. Traditional weed control systems have included the use of PPI or 
PRE herbicides as a standard practice. Though these herbicides have for the most part been 
very effective, their use has been preventive in nature as they must be applied before weeds 
germinate and emerge. The use of POST weed control tactics allows the grower to treat only 
those areas or fields where observed weed populations exceed economically damaging levels.
One of the keys to successful implementation of this system of weed control lies in the 
ability of growers to determine when weed populations exceed economic threshold levels, 
thus requiring treatment. Research at North Carolina State University has been successful 
in developing an approach for estimating multispecies economic thresholds for weeds in 
com and soybean. The approach used in this research was to establish an index for 
comparing the competitive ability of the different weed species infesting the crops. Field 
survey information (scouting) is used to determine the number of weeds of each species per
unit area (100 ft^ here). The number of weeds per 100 ft^ is multiplied by the respective 
competitive index value for that species to determine the competitive load (CL) for 
individual species. The actual yield loss figure is then multiplied by the crop price per unit 
and compared with cost and efficacy of the control tactic used to determine profitability of 
treatment.
Implementation of information generated in these studies was through a microcomputer- 
based economic decision model HERB. The HERB computer software program was developed 
in 1986 to accommodate the complexity of calculating multiple species weed density effects 
on soybean yield and to make the economic calculations necessary for herbicide choice 
decisions. Inputs for the program include average number of weeds of each species per 100 
ft2, size range of the weed population, soil moisture status, expected weed-free yield, expected 
crop selling price, and herbicide and application costs. Outputs include crop loss assessment 
if nothing is done, the best herbicide choice based on net return, and a ranking of all 
alternatives in order of net return.
HERB has been modified in several states to better estimate weed losses on a regional basis 
(Georgia, Kentucky, Nebraska), and to more closely represent agronomic practices in those 
states. Overall, the model works quite well and makes the correct (same as an independent 
expert) decision over 90 percent of the time. We have found that the estimates of yield loss 
are sometimes higher than the observed values. We believe this overestimation is due to a 
natural decline in weed numbers from the time decisions are made early in the growing 
season until crop harvest. The loss function used in HERB is based on weed populations 
still present at harvest.
We are in the process of constructing a programming tool kit which we hope to make 
available to experts in cooperating states interested in using HERB. The tool kit will allow 
these experts to easily modify the weed interference effects, the loss function, and the 
herbicide database to fit local conditions.
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Are We Entering a New Era of Corn Borer
Management?
K. Steffey, M. Gray, and T. Royer
The historic infestations of European com borers in 1989 had not yet faded from memory 
when we began to endure yet another assault by com borers in 1991. The statewide average 
population density in our annual fall survey has been 1.5 or more borers per plant in four of 
the past six years; it has equalled or exceeded 1.5 larvae per plant in only eight additional 
years during the 49-year history of the survey (Figure 1). Why have w e  experienced such  
heavy infestations o f com  borers in recent years?  Are w e  entering a  new  era o f  com  borer 
m anagem en t?
These are the two primary questions among many others that are being asked by com 
producers, pesticide dealers, seed company representatives, advisers, consultants and 
entomologists throughout the Midwest. Other questions relate to specific aspects of com 
borer biology and management:
• Are com  borers w orse because the w inters have been mild?
• Is conservation tillage responsible fo r  the increase in com  borer problem s?
• Will w e  continue to observe three fligh ts o f com  borer m oths?
• H ow much y ield  loss is cau sed  by each generation o f com  borers?
• Can w e  m anage second generation com  borers?
• Are som e com  hybrids more tolerant o f com  borer injury?
• Can w e rely on the w orksheets to m ake decisions about com  borer control?
• Which insecticides provide the b e s t control? Do granular form ulations work  
better than liquid form ulations? Should insecticides be app lied  by  aircraft or 
by ground equipm ent?
• Do the biological insecticides control com  borers effectively?
We probably will not answer all of these questions to your complete satisfaction. However, 
we will address several critical details regarding the biology and management of European 
com borers, beginning with the events of 1991. As you plan pest management strategies for 
1992, information disclosed in this article should offer some assistance.
WHAT HAPPENED IN 1991?
We began discussing European com borers in the May 17 issue of the 1991 P est M anagement 
& Crop D evelopm ent Bulletin, and we discussed com borers in all but one issue after May 
17. The ideal spring weather allowed farmers to begin working in their fields earlier than 
usual, and the warm temperatures accelerated the development of several insects, including 
European com borers. Moths that laid eggs for the first generation began emerging in May, 
so we were battling first-generation infestations by early June. As a consequence, the 
second flight of moths occurred earlier than usual, and there was ample time in late 
summer for a third flight.
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The seemingly continuous barrage of com borers evoked many of the questions posed 
previously in this paper. Some of the questions can be addressed only with knowledge about 
the population levels of com borers. As a consequence, our annual fall survey of com 
borers assumed its customary significance.
Each fall since the early 1940s, extension entomologists have surveyed populations of 
European com borers throughout Illinois. We were aided in 1991 by several extension 
advisers who conducted surveys within their own counties or regions. Ten cornfields per 
county were selected at random along a route that traversed the entire county. Within each 
field, 25 consecutive plants were examined for com borer infestation and the percentage of 
stalks infested was determined. Two infested stalks were split, and the numbers of com 
borer larvae were counted and recorded. The percentages of stalks broken above and below 
the ear also were recorded. A total of 33 counties representing each of the crop reporting 
districts was surveyed.
The results of the fall surveys from 1989 through 1991 are presented in Table 1. Fall 
populations of European com borers in 1991 were dramatically larger than the fall 
populations in 1990 in almost every crop reporting district in Illinois. Percentage 
infestations and average numbers of com borers per plant increased most conspicuously in 
the southern one-third of the state. The statewide average of 3.3 borers per plant rank 1991 
as the year with the third largest population density of com borers in the recorded history 
of this annual survey. Only 1949 (4.3 borers per plant) and 1989 (3.5 borers per plant) rank 
higher. However, the 91 percent infestation level statewide in 1991 was even greater than 
the 78 percent infestation level in 1989.
The average numbers of com borers per plant indicate that yield losses were significant in 
1991. What the numbers portend for 1992 is almost anyone's guess. Most analyses of 
population data have indicated that correlations between a fall population of com borers 
and the next year's spring population are not very reliable. Much depends on the level of 
natural mortality caused by environmental factors and two insect pathogens,
B eauveria bassian a  (a fungus) and N osem a p yra u sta  (a microsporidian). In addition, 
weather conditions during moth flight and egg deposition in 1992 will play a major role in 
determining the potential for problems.
WHY MORE CORN BORERS IN RECENT YEARS?
Because the acreage of no-till com has increased and the winters have been relatively mild 
in recent years, many people assume that these factors have fostered the larger infestation 
levels of European com borers. Although these two factors may contribute to greater 
infestation levels of com borers, other factors are probably more significant.
Com borer survival is quite dependent on prevailing weather conditions during adult moth 
mating and egg laying and during borer development immediately following egg hatch. 
Showers et al. (1989) showed that either an extreme lack of moisture or inundation of the 
whorls as a result of heavy rainfalls can cause as much as 97 percent mortality within three 
weeks after egg hatch. Unfortunately, the weather conditions during late May and early 
June in both 1989 and 1991 were ideal for com borer survival.
The trend toward planting long-season hybrids with heavy fertilization probably is 
contributing to com borer problems as well. Early planted fields are the most attractive to 
moths that are laying eggs for the first generation. Taller com plants have lower 
concentrations of DIMBOA, the plant chemical that interferes with successful development 
of com borer larvae. As a consequence, survival of first-generation com borers is enhanced 
on early planted (tall) com. When planted early, long-season com is susceptible to injury by 
first-generation com borers, and it still may be attractive to the moths laying eggs for the 
second generation.
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H ow will tillage or s ta lk  shredding ajfect com  borer survival? Most reduced tillage systems, 
especially those that do not include plowing, permit increased survival of the overwintering 
population of borers. Fall plowing and stalk shredding significantly reduce the number of 
com borers that are overwintering in stalks and residue within a given field. However, fall 
plowing or stalk shredding in a field will have little effect on the likelihood of borer damage 
the following year if nearby fields are not shredded or plowed. European com borer moths 
are mobile and easily can fly as far as five miles in a night. Moths that emerge from fields 
that were not shredded or plowed may fly to other nearby fields to lay eggs, especially if 
nearby fields were planted earlier. As a consequence, fall plowing or stalk shredding will 
not guarantee a reduction in com borer problems on an individual-field basis.
On the other hand, shredding of com stalks by many farmers in a given area probably will 
lower the overwintering population of borers and reduce the size of the first flight of moths 
the following spring. We remind you, however, that com borer survival associated with 
adverse weather conditions is independent of the size of the previous generation, including 
the overwintering generation. If weather conditions during moth flight, mating, egg laying, 
and early larval development are ideal, infestation levels may be great even if the 
population level of the previous generation was relatively low.
WILL THREE GENERATIONS BE A COMMON OCCURRENCE IN ILLINOIS?
The first two paragraphs are from Showers et al. (1989).
European com borer larvae go through five stages of growth (first through fifth instar). 
During the fifth instar, all individuals either prepare to pupate and become adults or they 
enter diapause. Diapause is a physiological condition expressed as suspended development 
that is governed by daylength, temperature, and genetic composition of a population. Based 
on the diapause characteristic, com borer populations in North America have been 
partitioned into three ecotypes. An ecotype is a group of populations in which most 
individual insects have similar environmental tolerances. The three ecotypes of com 
borers are northern (one generation per year), central (two generations per year), and 
southern (three or more generations per year).
Beginning in mid-summer to fall, daylengths shorten and temperatures decrease. These 
environmental changes trigger one or more genes sex-linked to the male that allow the 
larval portion of the population to go into diapause, thus preparing the population for 
survival during the cold winter. The more heat-sensitive com borer populations of the 
southern portions of North America are affected less by shorter daylengths and cooler 
temperatures than their northern counterparts; so, more generations are completed by 
members of the southern ecotype before diapause begins.
In Illinois, we frequently encounter three generations of com borers in southern counties, 
but two generations per year are more common in northern counties. As a consequence, we 
probably have mixed genetic composition in our com borer populations. During years when 
com borer development begins early and warm weather extends well into the fall, the 
development of a third generation of com borers will not be uncommon throughout the 
state. However, the larvae must develop to the fifth instar to survive the winter. If cold 
weather sets in shortly after initial development of a third generation when most of the 
larvae are young, many larvae will not survive.
YIELD LOSSES CAUSED BY CORN BORERS
European com borer damage results in poor ear development, broken stalks, and dropped 
ears. Yield losses caused by both first- and second-generation larvae are primarily 
physiological losses. The com plants fail to yield well as a result of com borer damage. 
However, tunneling in the stalks and ear shanks increases the incidence of stalk breakage 
and dropped ears, respectively, especially when the fall weather is windy and dry. In
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addition, stalk tunneling by second- and third-generation borers increases the incidence of 
stalk rot which further contributes to broken stalks.
The amount of damage caused by each borer depends upon the stage of com growth during 
the time of attack (Table 2). In general, each of the first three larvae that bore into the stalk 
before silking and pollination are complete will cause 4 or 5 percent yield reduction. When 
numbers of larvae exceed three per plant, however, the actual loss caused by each additional 
larva will not be linear and will be less than 4 to 5 percent per borer.
As com plants mature, larvae that establish within vascular tissue (tunnel into the stalk) 
become less important to the physiology of the plant and, therefore, are less likely to affect 
yield potential. By the time kernels are being initiated, each borer that penetrates into 
stalk tissue accounts for approximately a 3 percent yield loss per plant. This is less than 
half the potential yield loss that may have occurred if establishment had taken place during 
the pretassel stage of development (6.6 percent loss per borer per plant, Table 2).
In years when a third generation of com borers occurs, yield losses associated with this 
third generation depend largely upon when the com was planted. If com is in the later 
stages of development when third generation larvae attack, ear fill will not be affected 
much. However, yields may still decline because of increased stalk breakage and ear shank 
tunneling. In cornfields that are planted very late, yield losses attributable to the third 
generation will be similar to those caused by the second generation in earlier planted fields.
The yield loss information in Table 2 was taken from Lynch (1980). These are the figures 
you see most often in management guidelines throughout the Midwest. However, some 
people have expressed concern that modem com hybrids may not respond in a similar 
fashion as those that were evaluated by Lynch (1980) in the mid-1970s. More recently, Bode 
and Calvin (1990) conducted similar experiments in Pennsylvania. Their studies revealed 
that average grain weight reductions when stalk feeding was initiated during the 10-leaf, 16- 
leaf, blister, and dough stages of plant development were approximately 6 , 5 , 3 , and 2.5 
percent per borer per plant, respectively. These data are very similar to those published by 
Lynch (1980); therefore, we believe that the yield loss estimates used in management 
guidelines are still valid.
MANAGEMENT COMPONENTS FOR EUROPEAN CORN BORERS
Are w e  entering a  new  era o f com  borer management? No one has a direct answer to this 
question. Habitats, weather, com hybrids, cultural practices, and other factors have 
changed and will continue to change gradually; consequently, com borer management may 
be entering a new era. Fortunately we have become more sophisticated with our decision­
making, and we have much more information at our disposal when we make critical 
management decisions. In addition, our choices for management strategies have expanded 
somewhat in recent years.
Management of European com borers, especially the second generation, is not always easy. 
However, we have enough information and experience to improve our success rate. The 
remainder of this paper discusses different components of com borer management that you 
should understand as you prepare for the 1992 season.
R esis tan t Varieties for Com  Borer M anagem ent
Each com hybrid has a different degrees of tolerance or resistance to leaf-feeding by first- 
generation European com borers and to sheath-collar feeding by second-generation borers. 
Until recently, unbiased information concerning resistance to first- and second-generation 
borers was not readily available. However, Bariy and Darrah (1991) at the University of 
Missouri recently published some data relating to commercial hybrid com resistance to 
both first- and second-generation European com borers. The researchers evaluated 100 
different commercial com hybrids for com borer resistance each year from 1986 through
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1989. Their evaluations consisted of whorl leaf feeding damage ratings for first-generation 
com borers and length of stalk tunneling for second-generation com borers. However, their 
results did not identify resistance in the form of tolerance, that is, the ability to yield at 
near-normal levels despite attack by com borers. Because the researchers artificially 
infested the com with larvae, their studies also did not identify resistance in the form of 
non-preference, that is, the preference for moths to lay eggs on certain hybrids and not on 
others.
Obviously their research involved a limited selection of varieties; the list of varieties tested 
was not all inclusive. However, the results of this type of research have not been 
disseminated liberally by the seed industry. This Missouri study represents a benchmark 
for initiating unbiased lists of com varieties that are resistant to European com borers.
We have gleaned the published research and have listed the com hybrids that expressed the 
highest levels of resistance to both first- and second-generation com borers in their trials. 
However, because tolerant hybrids were not identified, some com hybrids that tolerate com 
borer damage and produce yields at near-normal levels may not be listed. In addition, some 
com hybrids that are not attractive to moths for egg laying may not be listed. The hybrids 
are listed alphabetically; the order of the list suggests no preferences:
• Agrigene 7720
• Burrus 94
• Cargill 7877
• CFS7615
• Crow's 688
• DeKalb 711
• Funk's G-4635
• Garst8315
• Great Lakes GL-685
• McCurdy 7477
• Northmp King PX9581
• Pioneer Brand 3181
• Pioneer Brand 3184
• Pioneer Brand 3378
• Pioneer Brand 3471
• Taylor-Evans 7055
• Triumph 1990
Several of these com varieties may share the same parentage as other popular varieties in 
Illinois. These hybrids may not be the highest yielding varieties, so you must weigh the 
importance of com borer resistance against the importance of high yields in the absence of 
com borers. If you are interested in acquiring more information about resistance of com 
hybrids to com borers, discuss this interest with your seed dealer. It is important to note 
that the results of the evaluations in Missouri revealed that about 90 percent of the com 
hybrids currently produced by the seed industry have some resistance to whorl leaf feeding 
and about 75 percent have some resistance to sheath and collar feeding.
As a first step toward managing European com borers, a grower should consider com borer 
resistance when selecting com varieties. In addition, he or she should consider varieties 
that have stiff stalks or that otherwise resist or tolerate stalk rots. These varietal 
characteristics offer indirect benefits for com borer management.
M anagem ent W orksheets
We recommend the use of worksheets (Figure 2) for making certain management decisions 
about European com borers. We believe they are a significant improvement from previously 
published, static thresholds of ”50 percent whorl feeding" for first-generation borers and "0.5 
egg mass per plant" for second-generation borers. In fact, reliance on static thresholds may 
lead to incorrect decisions during years when com prices are either low or high and when 
yield prospects differ from published averages.
Unfortunately, when the use of specific data becomes an established practice, many people 
overlook the variability that is inherent in field research. We have provided certain 
averages in our worksheets for both first- and second-generation European com borers. You 
should not believe that these figures are carved in stone and cannot be changed. The 
averages for percent yield loss per borer, survival rate, and percent control have been
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compiled from published data and from information gathered throughout the Midwest. The 
figures may vary from year to year, from region to region, and from field to field. Please 
remember that the data provided in the worksheets are intended as guidelines, not as fact. 
For example, we recently adopted 20 percent as an average survival rate for young com 
borers. This figure, published in Showers et al. (1989), was determined from studies 
conducted in Iowa and Kansas. However, a recent discussion among entomologists revealed 
that some states suggest 10 percent survival and others suggest 15 percent survival. 
Depending on environmental conditions, survival may range from 8 to 20 percent or more. 
As a consequence of this variability, use whichever percent survival figure makes you feel 
most comfortable under the prevailing environmental conditions. As stated previously, 
extremes in moisture (too much or too little) will significantly increase mortality of com 
borers.
The same approach should be used for percent yield loss per borer and percent control. In 
other words, the management worksheets are flexible enough to allow adaptation of the 
information to the prevailing conditions in a given field or in a given region.
M anagem ent o f  Second-Generation Com Borers
Undoubtedly, the weakest link in com borer management is the difficulty in attaining 
successful management of the second generation. Several reasons contribute to this alleged 
lack of success. The difficulty begins with scouting; we are grossly underscouting the second 
generation of European com borers. Reasons for the lack of reliable scouting information 
are twofold. First, cornfields in July are unpleasant places in which to be, especially if the 
com is pollinating. Second, com borer egg masses are sometimes difficult to find, and 
decision-making for second-generation com borers depends on the numbers of egg masses 
found. However, with a little endurance and practice, one can scout effectively for second- 
generation com borers.
The difficulty with management of second-generation com borers continues with timing of 
both scouting efforts and potential insecticide applications. Although the second flight of 
moths seems to last forever, especially during years like 1991, most entomologists in the 
Midwest agree that the egg-laying period during the second flight is approximately 20 days. 
Peak egg-laying most often occurs 10 days after the initial egg masses are deposited.
Just after the second flight begins, com plants should be sampled for com borer egg masses 
every two to three days to estimate when egg laying first started. It is very unlikely that 
scouts will have much success in finding egg masses before at least 5 percent of the eggs have 
already been laid. Egg laying usually begins approximately three days before the first egg 
masses are found. For example, if egg masses are first found on July 8 , egg laying probably 
began on July 5.
Timing of certain events in the development of European com borers can be estimated by 
the accumulation of degree-days above a developmental threshold of 50°F (Table 3). Degree- 
days should be accumulated from the initial capture of the moths that emerge in the spring. 
Again, these data are estimated averages and may vary, but they provide guidelines for 
predicting com borer development. They can be used to estimate an approximate time when 
control measures might be implemented.
We currently are examining the relationship between com borer moth captures in different 
types of traps baited with sex pheromone and the extent of larval damage in adjacent 
cornfields. The data should help validate the timing of biological events in the life cycle of 
com borers and may provide a mechanism for predicting com borer damage.
The final difficulty in managing second-generation com borers is the potential effectiveness 
(or lack thereof) of insecticides. This aspect of com borer management is addressed in the 
next section.
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Insecticides for Com  Borer M anagem ent
One of the most controversial aspects of com borer management is the use of insecticides. 
Which insecticide w orks best?  Do granules provide better control than liquids? Should  
in secticides be app lied  by aircraft or by  ground equipm ent? Do biological insecticides  
work? As with so many other aspects of com borer biology and management, the answers 
to these questions are rarely specific. More often than not, the answer to these questions 
begin with "It depends........."
Which insecticide is best?  We have no standard answer. Each field affords a unique 
situation for decision making. We can offer suggestions based on a considerable amount of 
efficacy research conducted throughout the Midwest, but that answers only part of the 
question. Effectiveness is not the only criterion; an applicator also must determine other 
benefits, such as cost, and must assess environmental and health risks. Environmental 
risks depend upon the surrounding landscape; health risks depend upon toxicological data 
and upon individual concerns.
The key to effective com borer control is timing. If an insecticide is to be applied to an 
economic infestation of borers when the larvae are primarily first and second instars, most 
insecticides will provide equivalent control. Furadan 15G has been the most consistent 
product in university trials during the past several years, but most other products match 
Furadan's performance against young com borers. Data vary from state to state and from 
year to year, but most insecticides work quite well against young com borer larvae. Because 
the use of Furadan 15G is being phased out, applicators who have used this insecticide 
exclusively will have to consider the alternatives.
Timing insecticide applications for control of second-generation com borers is sometimes 
difficult. Because the second moth flight is extended, one insecticide application will not 
control all of the second-generation larvae in a given field. An insecticide applied early for 
control of second-generation borers will not be effective when later deposited egg masses 
hatch. An insecticide applied later will not control larvae that already have entered the 
stalks. Because the yield loss per borer per plant declines as the com plants mature, we 
believe that an early application, if necessary, probably will prevent more yield loss than a 
later application.
Do granules work better than liquids? Most efficacy data indicate that granules provide 
better control of com borers than liquids, at least for the first generation. Granular 
insecticides provide a wider window of effectiveness because they are less susceptible to 
degradation due to environmental conditions. However, some entomologists believe that 
granular and liquid insecticides are essentially equal in performance, especially for second- 
generation borers and for ground applications for control of first-generation borers. 
Published efficacy data support both convictions, depending on which data are considered. 
The one exception is Lorsban 4E, a liquid formulation that does not provide consistent, 
reliable control of com borers.
Should insecticides be applied  w ith  aircraft or by ground equipm ent? The answer depends 
primarily on the formulation of insecticide that will be applied, at least for control of the 
first generation. Considerable efficacy data indicate that liquid insecticides applied by air 
will not provide a level of control equivalent to the level of control provided by granules 
applied by air. As a consequence, we strongly encourage aerial applicators to use granular 
formulations for control of first-generation borers. Granular and liquid formulations are 
more equitable when applied for control of second-generation borers.
Do the biological insecticides work? Insecticides that contain the bacterium Bacillus 
thuringiensis var. kurstaki (Biobit, Dipel, Javelin, Full-Bac) are quite effective for control of 
first generation com borers if they are applied when the larvae are in their first and second 
instars. The larvae must ingest the bacterial toxin. Older larvae that are not actively 
feeding where the insecticide has been applied will not be killed. As a consequence, these
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biological products are much less effective on older borers, and data indicate that control of 
second-generation borers with biological insecticides is not reliable.
SUMMARY
The recent outbreaks of European com borers have taught us lessons about their ability to 
cause yield losses and about our ability to manage their populations. We leam more each 
time we manage them, and we will continue to refine our management capabilities. We 
recommend that farmers:
1. Consider planting hybrids that are resistant to one or both generations of com 
borers;
2. Understand the effects of planting time on potential infestations by both 
generations of com borers;
3. Plan to scout their cornfields;
4. Utilize dynamic management guidelines for their decision-making;
5. Make appropriate decisions, both economic and environmental, regarding the use of 
insecticides.
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Table 1. R esults of fall surveys for European com  borer larvae, 1989-1991
Crop 1989 1990 _______ m i __________
reporting Avg. % Avg. no. Avg. % Avg. no. Avg. % Avg. no.
district infestation ECB/plant infestation ECB/plant infestation ECB/plant
Northwest 93 6.4 72 1.0 85 3.2
Northeast 92 2.9 59 1.5 92 2.6
West 96 9.5 73 1.0 95 2.1
Central 87 2.6 97 3.0 91 1.9
East 68 1.1 67 1.5 88 3.1
West-
southwest 92 2.2 64 1.5 85 1.6
East-
southeast 79 3.2 45 0.6 97 4.9
Southwest 54 2.6 50 0.9 94 4.9
Southeast 44 0.8 25 0.7 99 7.2
State 78 3.5 61 1.3 91 3.3
Table 2. Average com yield losses3 caused by European com borers
Percent loss
Plant stage per borer per plant
Early whorl 5
Late whorl 4
Pretassel 6
Pollen shedding 4
Kernels initiated 3
3 These are average losses based on four hybrids that were evaluated. 
Yield losses may differ slightly among different hybrids.
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Table 3. Predictions of selected European com borer activity based on degree-day
accumulation following initial capture of spring moths (from Showers et al. 
1989)a
Degree-days (Of)
from event Stage Activity
First generation
0 Spring moth flight
100 Peak egg hatch
200 + lst-2nd instar Leaf feeding
350 + 3rd instar Stalk boring
400 + 4th instar Stalk boring
550 + 5th instar Stalk boring
900 + Pupation
1,150- 1,700 Adult moths Egg laying
Second generation
1,260 Peak egg hatch
1,350 + 1st instar Sheath feeding
1,500 + 2nd instar Sheath feeding
1,600 + 3rd instar Sheath feeding
1,650 Initial stalk boring
a Degree-day accumulation initiated above a base temperature of 50° F.
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Figure 1. Statewide average numbers of European com borers per stalk in Illinois, 1943-1991
Figure 2. M anagem ent w orksheets for first- and  second-generation E uropean com  borers
Management Worksheet for 
First-Generation Corn Borer
________ %  of 100 Plants Infested x ________ Average No. Borers/Infested Plant =________ Borers/PIant
(determ in ed  b y  checking w h orls fro m  10 p la n ts)
________ Borers/PIant x _ _______ % Yield Loss/Borer* =_________ % Yield Loss
________ % Yield Loss x________ Expected Yield (Bu/A) = ________ Bu/A Loss
________Bu/A Loss x $__________ Price/Bu = $__________  Loss/A
S__________ Loss/A x________ %  Control = $___________Preventable Loss/A
(8 0 %  f o r  granules)
(5 0 %  f o r  sp ra ys)
$__________ Preventable Loss/Acre -  $ __________ Cost of Control/A =
$__________ Gain (+) or Loss (-) per acre if treatment is applied
*Consult Table 2.
Management Worksheet for 
Second-Generation Corn Borer
________Number of Egg Masses/Plant x 4 Borers/Egg Mass* =________ Borers/PIant
(cum ulative counts, taken  7 d a y s  a p a rt)
________ Borers/PIant x________ % Loss/Borer** =________ %  Yield Loss
________ %  Yield Loss x________ Expected Yield = ________ Bu/A Loss
Bu/A Loss x $ Price/Bu = $ Loss/A
s Loss/A x 75 %  Control = $ Preventable Loss/A
s Preventable Loss/Acre -  $ Cost of Control/A =
$ __________Gain (+) or Loss (-) per acre if treatment is applied
*Assumes survival rate of 20 percent (4 borers/egg mass).
**Use 3%  per borer per plant if infestation occurs after silks are brown. The potential economic benefits of treatment decline 
rapidly if infestations occur after com reaches the blister stage.
51
Biological Control of European Corn Borers
with Trichoaram m a
D. Andow and D. Olson
INTRODUCTION
The use of Trichoaramma species to control arthropod pests in the United States has gone 
through several boom and bust cycles. The first of these occurred in the 1930s following the 
identification and establishment of mass rearing capabilities for Trichoaram m a. The 
generally poor results from multiple attempts at control of various pests led to a decline in 
its research popularity. In addition, researchers, such as Smith and Flanders (1931), led a 
scathing attack on the technology in which they suggested that the research attention on 
Trichoaramma resulted from its convenience and availability, not because it exhibited 
promising levels of control. This doomed Trichogramma to relative obscurity until interest 
was renewed during the 1960s, perhaps in response to the debates unleased by Rachel 
Carson's Silent Spring. During the 1960s and early 1970s, research on Trichoaramma 
focused largely on behaviors that could be studied readily in the laboratory. Some field 
experiments were conducted, but the results were extremely poor and remain unpublished. 
One of the major problems identified was that under certain rearing conditions, 
Trichoaramma would grow wingless and therefore become worthless as biological control 
agents. This research program also came under attack from other researchers. This time, 
Knipling and McGuire (1968) published an influential monograph, where they argued that 
theoretical models indicated that Trichoaramma species would not be effective classical 
biological control agents. Although this criticism was aimed narrowly at the use of 
Trichoaramma as a classical biological control agent and did not evaluate the possible use 
of Trichoaramma in an inundative release program, the criticism was interpreted widely as 
condemning the entire research program. As a consequence, research on Trichoaramma 
declined once more and languished until today. We are now on the verge of another 
resurgence of research on Trichoaramma. stimulated in part by the interest in sustainable 
agriculture, heightened concerns over food safety and declining availability of pesticides. 
One of our major concerns is whether research on this technology will continue into the 
future or will follow the patterns of the past and once more fade from attention.
We have been conducting research on Trichoaramma for about seven years. Our work was 
supported initially by a grant from the University of Minnesota. For the past four and the 
next two years, our work will be supported by major grants from the Legislative 
Commission for Minnesota Resources to whom we are very grateful.
There is considerable reason to believe that Trichoaramma can be developed for control of 
pests in the United States. Possibly for control of the European com borer. The reason for 
optimism is that research and commercialization of Trichoaramma species have occurred 
in China and several European countries. On the other hand, despite these successes in 
China and Europe, it is unclear whether these successes will transfer to the United States. 
The Chinese have focused on using Trichoaramma ostrtnae against oriental com borer, 
Ostrinia fum acalis. Low labor costs, relatively high action thresholds and the 
unavailability of efficacious insecticides characterize the Chinese maize production systems 
and may restrict ready adoption of their Trichoaramma system in the United States. 
Europeans have focused on using Trichoaramma m aidis i - T. evanescens) against European 
com borer, Ostrinia nubilalis.. Trichoaramma are reported to be used extensively on seed 
com and in pesticide-free zones. These might be special cases of maize production and 
might not allow ready adoption of the technology for field com or sweet com in the United 
States.
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The most obvious result from the previous work is the inconsistent efficacy of control by 
Trichoaram m a. This result generally has plagued workers in biological control and has 
limited the acceptance of biological control in conventional pest control practice. Workers 
have addressed this problem by looking for the ideal Trichoaramma species or strain, that 
will provide consistent and significant control. We liken this strategy to that used to find a 
useful insecticide. A battery of screening tests is devised and conducted, and the chemical or 
Trichoaramma that passes all of the tests is considered a likely candidate for more 
intensive experimentation, development, and, ultimately, commercialization. The 
published research record and our experience suggest that this strategy has had limited 
success and has led us to question whether an alternative research strategy should be 
developed.
We propose that Trichoaramma should be treated as a biological organism instead of a 
chemical analogue. Specifically, because the wasp has adaptive behaviors and many 
abilities for finding hosts, it behooves us to understand and use these behaviors and 
abilities to enhance efficacy. We believe that a fruitful way to search for these 
characteristics is to investigate why Trichoaramma are not as effective as we wish it to be.
In this paper we outline some of our results that show that development of effective control 
of European com borer in Minnesota sweet com by Trichoaramma is promising; then we 
discuss our approach toward understanding why it is sometimes not as effective as we would 
hope. This technology is still in the initial stages of research and development.
EXPERIMENTAL RELEASES
We have conducted five experimental releases in cooperation with an organic sweet com 
farmer at Eagan, Minnesota, and four experimental releases in cooperation with Green Giant 
Company at LeSeuer, Minnesota. The methods used in all of these experiments were the 
same and are reported in detail in Prokrym et al. (1992) and will not be repeated here. 
Descriptions of the fields at Eagan also are reported in Prokxym et al. (1992). The 
observations at LeSeuer were conducted on the Werth field at the experimental farm of the 
Green Giant Company. The field was 150 feet x 600 feet, with the long axis and rows running 
east and west. North of the field were a narrow grass waterway and a large soybean field. 
South of the field were a 50 foot strip of asparagus and wheat and pea fields. To the east were 
a fence line and a hedgerow; to the west were a grass lawn and buildings. In 1990 the field 
was split into both an early and a late season variety of sweet com for tests against both 
first and second generation European com borer, respectively. In 1991, only the early sweet 
com variety was planted on half of the field; snap beans were planted on the other half of 
the field. The results are from the snap bean area extremely promising but will not be 
reported here because they are based on only one year's data. One check plot (negative 
control) and one Trichoaramma nubilale release plot were established 450 feet apartwithin 
each variety. Between them, but closer to the check plot, was one or two additional plots to 
which insecticides were applied as a positive control. Further details are supplied in Table 1.
Egg masses of European com borer were placed into the check and release plots to monitor 
the activity of T, nubilale. Parasitism rates were extremely low for the two experiments 
conducted during the first generation of European com borer (Table 2). Parasitism rates 
were reasonably high (21.8 percent of the eggs were parasitized) during the second 
generation. Predation rates were significant, ranging from 4.6 to 36.1 percent, but they were 
no different in the check and release plots for any particular experiment.
At harvest time, stalks and ears were examined for borer entry holes, larvae, and ear 
damage. European com borer populations were not veiy high in 1990 but were very high 
during the first generation of 1991 (Table 3). T. nubilale releases suppressed European com 
borer populations and ear damage during the second generation of 1990 but had 
insignificant effects on feeding holes, borer populations, or ear damage during the two first 
generation experiments (Table 3). In no instance did the release of T. nubilale suppress 
borers as much as the insecticides Capture, MVP-G and Pounce.
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These results reinforce our previous results (Prokiym et al. 1992) by suggesting that T, 
nubilale does not improve control of European com borer, and sometimes it does do so.
Even when it does improve the level of control, it is still generally inadequate for protection 
of sweet com in Minnesota. Among all of our experiments, only one has indicated that T. 
nubilale is capable of providing economically significant levels of control (Prokiym et al. 
1992).
These results pose two interrelated questions. First, why does T. nubilale not control 
European com borer sometimes, and how can we guarantee that it will exert some level of 
control when it is released? Second, why does T. nubilale not parasitize more European 
com borers and how can we enhance the level of parasitism so that economically 
significant levels of control can be attained reliably?
REARING TRICHOGRAM M A IN LABORATORY COLONIES
As can be seen in Table 4, which displays our results from the LeSeuer experiments, and 
Figure 1, which displays the results from all of our experiments to date, greater levels of 
control of European com borer result from greater levels of parasitism by T. nubilale. 
Parasitism rates can be improved by increasing the number of parasitoids released, 
improving the searching ability of the parasitoids, or both (Andow & Prokrym 1990, 1991, 
Figure 2). When Trichoaramma are released, they usually are placed in the field in 
parasitized hosts from which the adult wasps emerge. Thus, the number of parasitoids 
released depends upon the number of parasitized hosts placed in the field and upon the 
emergence rate of the parasitoids.
In our work we have found that the emergence rate can vary by more than an order of 
magnitude, depending on the rearing conditions. Many factors might be involved, but we 
suspect that the degree of superparasitism and host feeding may be critical features that 
influence parasitism rates. In some instances, superparasitism, host feeding, or both are so 
intense that the host egg is killed and no Trichoaramma survive. We hope to begin some 
formal research into this problem in the near future.
In addition, we have observed that rearing conditions influence more subtle aspects of 
parasitoid quality. For example, the larval host species can influence the ability of the 
emerged adult to parasitize new hosts. I have observed that T. minutum  reared on eggs of 
European com borer took twice as long to parasitize new hosts as did T. minutum  reared on 
eggs of M am estra brassicae  (Andow & Hirai, unpublished). More subtle effects of rearing 
conditions on body size, nutritional status, and physiological condition are also likely. 
These effects need to be determined before a uniform, high quality Trichoaramma can be 
delivered for use in the field.
SPECIES AND STRAIN SELECTION
The search for the ideal Trichoaramma might proceed by devising tests of the various 
abilities of Trichoaramma species and strains, verifying the validity of the tests and 
screening as many species and strains reared under as wide a variety of conditions as 
possible. Although some workers recently have been making some progress along these 
lines (Pak & van Heiningen 1985, Pak 1986, Bigler & Bieri 1988), in general we have found 
that most workers involved with inundative releases do not follow this program.
An analysis of the literature regarding pre-release evaluation for selection of species or 
strains for inundative release identified eight criteria that can be evaluated. Most of the 
examples in the literature refer to Trichoaramma species because most of the research 
effort has been devoted to these insects. However, a few examples refer to other species such 
as Edomim puttleri (Bin & Collaza 1986), Aphidiius sm ithii (Halfhill & Featherstone 1973), 
Trichoaramm atoidea cruptophlebieae (Newton & Odendaal 1990) and A van te les  
m elanoscelus (Weseloh & Anderson 1975). The criteria are:
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1. Host recognition (acceptance by female adults);
2. Host suitability (ability to develop in host);
3. Host plant suitability (ability to parasitize and develop in host on host plant);
4. Suitable abiotic conditions in the field;
5. Host preference, intra-species (age, position, physiology);
6 . Host preference, inter-species (monophagy or polyphagy);
7. Searching ability or efficiency (hosts parasitized per female over time); and
8 . Competitive ability.
We conducted additional analysis to determine the extent to which these criteria actually 
were used before experimental or practical experimental releases (Table 5). Our review was 
not exhaustive, but we believe that it indicates fairly the status of research on actual 
inundative releases. Of the 24 studies reviewed, four involved practical releases and 20 
involved experimental releases (Amaya 1986, Bin and Colazza 1986, Brower and Press 1990, 
Burbutis and Koepke 1981, Cheng 1986, Halfhill and Featherstone 1973, Hassan and Kohler 
1988, Hulme and Miller 1986, Johnson 1985, Kaker et al. 1990, King 1985, Liu et al. 1987, 
Newton and Odendaal 1990, Oatman and Platner 1978, Parker 1970, Parker et al. 1970, 
Ravensberg and Berger 1986, Smith et al. 1986, Stinner et al. 1974, Tran et al. 1986, Wang 
and Zhang 1988, Weseloh and Anderson 1975, Yadan et al. 1985, and Yu et al. 1984). Four 
classes of evidence were identified:
1. Experimental evidence provided in the published study;
2. Published experimental evidence cited by the authors in the published study;
3. The opinion of the authors when no experimental evidence was cited; and
4. Our inference from information presented in the published study.
Most pre-release evaluations were of host acceptance, host suitability and host plant 
suitability. Because these are essential for the success of inundative control, we would 
expect that all studies would evaluate these. It is apparent, however, that at least 25 percent 
of the studies did not evaluate these three criteria (Table 5). In three instances, the 
parasitoid had been reared on a factitious host with no confirmation of the acceptance or 
suitability of the target host. Moreover, many of the pre-release evaluations were conducted 
in the laboratory where host acceptance might be more catholic than in the field.
Only three experimental releases considered the influence of abiotic conditions on the 
success of a particular release. Authors suggested that excessive wind and rain and extremes 
in temperature reduced parasitism rates, much like they reduce the activity of all insects. 
The parasitoids were more active in sunlight and humidity conditions affected development 
time. These analyses were conducted p o s t hoc and provide little guidance for pre-release 
evaluations.
Host preference evaluations were conducted more frequently. If more than one host species 
was targeted , a polyphagous parasitoid was desired. Conversely, if one main species was 
targeted, a monophagous parasitoid might be more appropriate to minimize potential 
adverse ecological effects.
Only one study considered the searching efficiency of the parasitoid in devising a release 
method (Newton and Odendaal 1990). They observed that normally occurring high host 
densities saturated the functional response of the parasitoid, necessitating higher release 
densities. The generality of this result is not known.
None of these studies evaluated host preferences within the target species or the competitive 
ability of the parasitoid with other natural enemies.
This review clearly demonstrates that very little pre-release evaluation of species or strains 
to find the best one is being conducted. Our review also illustrates the tremendous gap 
between, on the one hand, the theory of biological control and the practice of actual
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releases, and on the other hand, the considerable experimental literature on Trichoaramm a  
and the conduct of inundative releases.
Are pre-release evaluations for selection of species and strains for inundative release useful 
for determining the ideal species or strain as the control agent? Based on the studies and 
releases that have been conducted so far, we suggest that it is impossible to know. Few 
screening tests have been devised and the effectiveness of these tests have not been verified 
(but see Pak and van Heiningen 1985, Bigler and Bieri 1988). These gaps will be bridged only 
when detailed biological studies of both failures and successes are conducted. A biological 
perspective is needed if research in inundative control is to progress.
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Table 1. Growing conditions and Trichogramma release density for experiments conducted at Werth farm, LeSeuer, Minnesota
Year 1990
First Generation
1990
Second Generation
1991
First Generation
1991
Second Generation
Variety Green Giant Code 5 
sweet com
Green Giant Code 40 
sweet com
Green Giant Code 5 
sweet com
Green Giant Code 94 
snap beans
Plot size 25 rows (50')x 25 25 rows (50’) x 25' 25 rows (50') x 25’ 20 rows (50') x 25*
Plants/acre 20,800 20,900 29,000 70,000
Plant surfaceoarea (cm'1)
930
(June 19)
3,460 
(August 2)
2,986 
(June 15)
2,281 (July 15) 
5,159 (July 23)
Trichogramma
released
1,500 11 6,387 8,500 43,455
T richogram m a/ SA la 10.8 224.3 13.7 37.9
a Number of Trichogramma per m2 of plant surface area per m2 of land (see Andow & Prokiym 1991 for further explanation).
Table 2. Hatching, parasitism, and predation rates on eggs of European com borer for 
various periods of time at the Leseuer, Minnesota experiments
_______Fate of eggs (percent)_____
Hatch Parasitism Predation
1990 First Generation, June 19-July 2 (3 or 4 day exposure)
Check 82.0 0.0 6.0
Release 72.0 5.6 4.6
1990 Second Generation, Aug 2-20 (2 or 3 day exposure)
Check 48.0 0.0 36.1
Release 35.5 21.8 32.1
1991 First Generation, June 15-23 (2 day exposure)
Check 51.7 0.0 14.3
Release 49.6 5.4 12.7
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Table 3. Damage to sweet com by European com borer at LeSeuer, Minnesota (number 
of plants or ears examined in parentheses)
122(1 1221
First
Generation Second Generation First Generation
Borer 
entries/ 
100 plants
Larvae/ 
100 plants
Percent Borer Percent
damaged entries/ Larvae/ damaged 
ears 100 plants 100 plants^ ears
Check 112.7
(150)
86.8
(150)
54.0
(150)
402.7
(150)
3.3
(150)
26.7
(150)
Release 105.3
(150)
24.0
(150)
24.6
(150)
390.0
(100)
4.0
(100)
37.0
(100)
Capture 14.0
(50)
— -- - - -
MVP-G 12.0
(50)
— - 146.0
(50)
8.0
(50)
4.0
(50)
Pounce -- 1
(100)
2
(100)
58.0
(50)
2.0
(50)
2.0
(50)
a includes pupal cases.
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Table 4. Percent control by Trichoaramma nubilale on egg masses of European com 
borer, and percent reduction of damage to sweet com at LeSeuer, Minnesota 
(Percent parasitism estimated over a four day interval using the method described 
in Prokrym and Andow, 1992)
Percent egg masses 
parasitized 
(4 day interval) 
estimated
Borer entries/ 
100 Plants 
at harvest
Larvae/100 
plants at 
harvest
1990 First Generation
Check 0 112.7 —
Release 13.9 105.3 —
Percent Reduction 13.9 6.6
1990 Second Generation
Check 0 — 86.8
Release 51.8 -- 24.0
Percent Reduction 51.8 72.4
1991 First Generation
Check 0 402.7 3.3
Release 14.3 390.0 4.0
Percent Reduction 14.3 3.2 -21.2
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Table 5. Record of pre-release evaluations conducted before 24 published inundative 
releases
Criterion
Experimental
Evidence
Reported Cited
Opinion Our
Inference
Total
Host
recognition
9 5 0 4 18
Host
suitability
7 5 0 6 18
Host plant 
suitability
3 5 0 6 14
Suitable abiotic 
field conditions
1 0 0 2 3
Host preference 
(within species)
0 0 0 0 0
Host preference 
(between species)
3 3 1 1 8
Searching
efficiency
0 1 0 0 1
Competitive
ability
0 0 0 0 0
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Figure 1. Relation between parasitism of egg masses 
and larval control (data includes that from Prokrym 
et al. 1992)
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Figure 2. Relation between Trichogramma release rate (number/ SAI) 
and egg mass parasitism rates (data includes that from Andow & 
Prokrym 1991 and Prokrym et al. 1992)
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Wheat Disease Management in Illinois
S. Bissonnette and W. Pedersen
The single most important factor affecting wheat production in Illinois is weather. This 
was very apparent for the 1990/91 wheat crop. The fall of 1990 was rather wet and many 
growers had difficulty getting wheat planted. The fall stands ranged from excellent in some 
parts of the state to terrible in others. Our research plots at Brownstown had a heavy rain 
shortly after planting and the soil crusted. Our stands were not very good, but we were 
optimistic the plots would improve by spring. Well, they did improve, and they actually 
looked pretty good by April 25th (growth stage 8). Based on the spring weather, we expected 
an above average crop in 1991; however, lesions of Septoria leaf blight were visible on the 
lower leaves.
In 1990/91, we evaluated several foliar fungicides and seed treatments at Brownstown and 
Urbana. A summary of those results in presented in Tables 1-6. Currently, propiconazole 
(Tilt, Ciba Geigy) is the only systemic fungicide approved by EPA that controls Septoria  
trtttci (leaf blight) and Septoria nodorum  (leaf & head blight). Propiconazole is a broad 
spectrum fungicide that also controls powdery mildew and rust; however, it must be applied 
on or before growth stage 8 . Flusilazole (Punch, Dupont) is a fungicide that is not approved 
by EPA but is undergoing evaluation at this time. It also is systemic and controls Septoria  
nodorum . Septoria tritict powdery mildew, and rust; additionally, flusilazole may be 
applied at heading (growth stage 10.1). Economic disease levels of septoria leaf blight did 
not occur until after heading on the unsprayed control plots. There was a significant 
reduction in disease severity for all fungicide applications at growth stage 11.0 (milk stage); 
however, there was not a significant effect on yield at either location (Tables 1 & 2).
Three rates of Vitavax 200 (Gustafson, Inc) were compared with Baytan + Thiram and 
Raxil/Thiram using the wheat variety Pioneer Brand 2553, which was heavily infected with 
loose smut (Ustilaao tritici). At both locations, the highest rate (labelled rate) of Vitavax 200 
had fewer smutted heads than the two lower rates (Table 3 & 4). Both Baytan + Thiram and 
Raxil/Thiram were extremely effective at controlling loose smut. Only Baytan + Thiram at 
Urbana had a significant increase in yield compared with the nontreated control.
We also compared the seed treatments using certified seed lot of Becker, a bin-run seed lot of 
Cardinal that had been cleaned by hand, and a certified seed lot of Cardinal. The test weight 
of the bin-run seed lot of Cardinal was 56 lbs/bu, and the test weight of the certified seed 
lots of Cardinal and Becker was 59 lbs/bu. None of the treatments significantly affected 
yield at either location for either of the varieties (Table 5 & 6). The only fungicide 
treatment that showed a difference between the two seed sources of Cardinal was Vitavax 
200 at 2.65 fl oz/cwt. The yield of the control treatment of the certified Cardinal seed was 
slightly higher than the bin-run seed lot at both locations, but not statistically different.
The overall lower yields at Brownstown were due to a moderate scab infection. Very little 
scab was observed at Urbana.
As I indicated, the single most important factor affecting wheat is weather. Unfortunately, 
the weather in May during flowering was rainy and warm. These conditions favored 
infection by Fusarium araminarium (Gibberella zea e ). the causal agent of scab. The first 
field that we observed with scab where in Montgomery County and the disease had caused 
approximately 25 percent loss. Additional fields in the same or adjacent counties had 
losses that ranged from less than 5 percent to greater than 80 percent. Initially, there 
appeared to be variety differences, but all varieties were affected. The most important factor 
was the weather during pollination. Wheat is susceptible to scab for only a few days at 
flowering. If the weather is favorable for infection, scab can become a serious problem. The
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fungus overwinters on plant debris from the previous season. The fungus is able to infect 
many other grasses, including com, where it causes Gibberella stalk rot. With the shift to 
some form of conservation tillage, it is apparent there will always be an abundance of 
inoculum present when wheat is heading. Therefore, the weather is the determining factor.
Control of any plant disease can be accomplished by eliminating or reducing the pathogen, 
applying chemicals, developing resistant varieties, or changing the weather. With respect to 
scab, however, the pathogen is ubiquitous, no approved chemicals control this disease, all of 
our commercial varieties are susceptible, and it is very difficult to change the weather. 
Fortunately, the weather conditions favoring scab do not occur very often in Illinois during 
flowering. There are several lines of wheat that appear to have resistance to scab and they 
are being used in breeding programs to develop varieties with resistance.
Table 1. Effect of foliar fungicides on severity of Septoria leaf blight and yield of Cardinal 
wheat on the Agronomy/Plant Pathology South Farm, Urbana, IL in 1991
Septoria Infection (%)  ^ Yield
Treatment (rate/A)a 8.0 10.1 11.0 (bu/a)
(plant growth stage)
Flusilazole (1.0 oz a.i./A) TR TR 7% 47.3
Flusilazole (2.0 oz a.i./A) TR TR 8 % 52.8
Flusilazole (1.0 + 1.0 oz a.i./A) TR TR 6 % 61.3
Flusilazole (2.0 + 2.0 oz a.i./A) TR TR 6 % 56.9
Propiconazole (1.8 oz a.i./A) TR TR 6 % 48.6
Control TR 1% 14% 48.8
LSD (5%) n.s. n.s. 4% n.s.
a Rate is expressed as oz a.i./acre and was applied at growth stages 8.0 and 10.1, 
respectively.
k Septoria infection was assessed on a percentage of leaf tissue with symptoms of septoria 
leaf blight; TR= trace (<1% disease).
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Table 2. Effect of foliar fungicides on severity of Septorla leaf blight and  yield of Cardinal
w heat on the Brownstown Research Farm  in 1991
Septorla Infection (%)  ^ Yield
Treatment (rate/A)a 8.0 10.1 11.0 (bu/a)
(plant growth stage)
Flusilazole (1.0 oz a.i./A) TR 1% 5% 45.7
Flusilazole (2.0 oz a.i./A) TR TR 12% 47.4
Flusilazole (1.0 + 1.0 oz a.i./A) TR TR 5% 48.1
Flusilazole (2.0 + 2.0 oz a.i./A) TR TR 5% 49.9
Propiconazole (1.8 oz a.i./A) TR TR 15% 46.6
Control TR 5% 40% 42.5
LSD (5%) n.s. 1% 4% n.s.
a Rate is expressed as oz a.i./acre and was applied at growth stages 8.0 and 10.1, 
respectively.
k Septorla infection was assessed on a percentage of leaf tissue with symptoms of septorla 
leaf blight; TR= trace (<1% disease).
Table 3. Evaluation of control of loose smut in Pioneer Brand 2553 wheat on 
Agronomy/Plant Pathology South Farm, Urbana, IL in 1991
Treatment Smut Yield Vigora
(heads/plot) (bu/a) (1-5)
Vitavax 200 (4.00 oz/cwt) 17.4 62.8 4.2
Vitavax 200 (3.30 oz/cwt) 18.6 62.5 4.0
Vitavax 200 (2.65 oz/cwt) 27.8 60.2 4.2
Baytan + Thiram (1.25 + 2.0 oz/cwt) 0.0 70.2 4.2
Raxil /  Thiram (3.5 oz/cwt) 1.2 60.2 4.0
Control 800 ooo 0 4
LSD (5%) 8.7 9.6 0.6
a Vigor was visually assessed using a scale where 5 = health vigorous stand and 1 = all 
plants were dead.
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Table 4. Evaluation of control of loose sm ut in Pioneer Brand 2553 w heat on the
Brownstown Research Farm  in 1991
Treatment Smut
(heads/plot)
Yield
(bu/a)
Vigor3
(1-5)
Vitavax 200 (4.00 oz/cwt) 16.6 39.3 3.4
Vitavax 200 (3.30 oz/cwt) 19.6 39.2 3.0
Vitavax 200 (2.65 oz/cwt) 29.4 36.5 3.4
Baytan + Thiram (1.25 + 2.0 oz/cwt) 0.0 40.0 3.2
Baytan /  Raxil (3.5 oz/cwt) 0.0 39.5 2.8
Control 44£ 40.0 3.0
LSD (5%) 7.3 n.s. 0.9
a Vigor was visually assessed using a scale where 5 = health vigorous stand and 1 = all 
plants were dead.
Table 5. Evaluation of fungicide seed treatments on three wheat varieties at the 
Agronomy/Plant Pathology South Farm, Urbana, IL in 1991
Treatment Becker
(certified)
Cardinal 
(bin-run) 
........ bu/a  —
Cardinal
(certified)
Vitavax 200 (4.00 oz/cwt) 48.1 67.0 71.5
Vitavax 200 (3.30 oz/cwt) 45.4 73.2 73.4
Vitavax 200 (2.65 oz/cwt) 52.4 69.4 78.6
Baytan + Thiram (1.25 + 2.0 oz/cwt) 54.6 72.1 79.1
Baytan /  Raxil (3.5 oz/cwt) 47.2 75.3 76.5
Control 45.5 66.7 71.1
LSD (5%) n.s. n.s. n.s.
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Table 6. Evaluation of fungicide seed trea tm ents on three w heat varieties a t the
Brownstown Research Farm  in 1991
Treatment Becker
(certified)
Cardinal 
(bin-run) 
........ bu/a —
Cardinal
(certified)
Vitavax 200 (4.00 oz/cwt) 41.6 40.7 45.9
Vitavax 200 (3.30 oz/cwt) 38.6 45.1 47.6
Vitavax 200 (2.65 oz/cwt) 41.4 40.3 47.1
Baytan + Thiram (1.25 + 2.0 oz/cwt) 42.0 44.7 44.7
Baytan /  Raxil (3.5 oz/cwt) 39.0 43.5 42.5
Control M 47,1 47.4
LSD (5%) n.s. n.s. n.s.
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The Performance of Air-Assist Nozzles
L. Bode, M. Anders son, and L. Wax
One new and promising technique to increase spray penetration and coverage on plants 
while reducing spray drift is to use air to help transport the spray to the target. There are 
two types of air-assistance systems: air-assist sprayers and air-assist nozzles. Air-assist 
sprayers use air to transport the droplets after they are atomized while air-assist nozzles 
also use air to help atomize the liquid as well as transport it to the target.
Air-assist sprayers are built like regular sprayers with hydraulic nozzles except that a sleeve 
with openings is mounted on the boom. High velocity air is emitted from the openings and 
is accompanied with liquid spray from standard hydraulic nozzles. Air-assist sprayers that 
are commercially available include the Hard! Twin, Degania and Danfoil systems.
Although more popular in Europe, they are being introduced in the U.S.
Air-assist nozzles, also called twin-fluid nozzles, work very differently from air-assist 
sprayers. The spray-liquid is atomized by the air inside these nozzles. A conventional 
sprayer with a standard spray boom is used, but air lines and a compressor are added. The 
most common air-assist nozzles that are available are Cleanacres (manufactured by 
Cleanacres Machinery Ltd., France) "Airtec" and Spraying Systems (manufactured by 
Spraying Systems Co., Wheaton, IL) "Aiijet". The Aiijet nozzles used in our studies have the 
liquid inlet on top of the nozzle. The liquid is metered by an interchangeable restrictor in 
the nozzle body where primary atomization occurs. The compressed air, which is injected 
in the nozzle body, mixes with the spray-liquid. Secondary atomization takes place in a 
flooding nozzle tip prior to emerging as a flat-fan spray pattern (Figure 1).
Miller (1991) reported that the spray drift was less from Airtec nozzles when compared with 
conventional flat-fan nozzles. He also found that the droplet velocities from the nozzle are 
less than those from the conventional nozzle. Miller concluded that the reduction in drift 
may be due to a reduced percentage of spray volume in droplets less than 100 microns 
and/or higher velocities close to the Aiijet nozzle because of the compressed air. Several 
studies of pest control with air-assist nozzles indicate no significant difference between air- 
assist and conventional nozzles and that most herbicides give good results at low spray 
volumes when applied with air-assist nozzles.
The objective of our research study was to determine the performance characteristics of the 
Aiijet air-assist nozzles. Spray distribution patterns were measured to determine the 
operational parameters that provided optimum results. A series of drift tests was run to 
determine the amount of off-target spray drift that occurs. Droplet size distributions were 
measured over a range of operating conditions and field tests were conducted to verify that 
biological control could be achieved with the nozzles.
SPRAY PATTERNS
The spray pattern uniformity was measured with a spray pattemator table. Tests were 
conducted over a range of flow rates, liquid pressures and air pressures. Results indicated 
that both air and liquid pressure affect the spray pattern. In general, the pattern uniformity 
improves as liquid pressure increases and air pressure decreases. The air pressure must be 
maintained below the liquid pressure in order to obtain an acceptable spray pattern. From 
visual observations of potential spray drift, it was determined that the interaction between 
liquid and air pressure greatly affected the driftable droplets that are produced. It appeared 
that liquid pressures from 35-40 psi could be used as long as the air pressure did not exceed
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certain levels (generally 15-20 psi). Under no conditions should the air pressure be higher 
than the liquid pressure.
DROPLET SIZE
The DyQ 5 and percent volume less than 100 microns for several settings are shown in Table
1. The three metering inserts give significantly different droplet size ranges which do not 
overlap appreciably. The No. 35 insert produces very small droplet sizes, especially when 
the air pressure is close to the liquid pressure. The No. 62 insert produces very large 
droplets, even at high air pressures. Results previously published by Miller and others in 
the UK have shown that the larger droplets (>150 microns) produced by twin-fluid nozzles 
contain "air-inclusions" in the droplets and the actual sizes are smaller than the measured 
sizes. The droplet size can be reduced by increasing the air pressure.
FIELD EVALUATIONS
The air-assist nozzles were used to apply both systemic and contact foliar herbicides to 
soybeans. Ratings of foxtail control for the systemic herbicide were taken one week after 
application (Table 2). All the treatments with the air-assist nozzles were as good as those 
with conventional nozzles while most were significantly better. Visual evaluations of the 
contact herbicide were made to determine the bumdown of both the weeds and soybeans 
(Table 2). In this study, the 3 GPA applications with the air-assist nozzles did not provide 
satisfactoiy results. Some of the 5 and 10 GPA applications with the air-assist nozzles were 
significantly better than conventional applications.
DRIFT STUDIES
Measurements of drift deposits were made using several spray volumes with the air-assist 
nozzles and were compared with conventional application volumes. Fourteen tests were 
conducted using a fluorescent dye tracer technique. Differences in spray deposits are shown 
in Figure 2. The 20 GPA treatments resulted in the lowest drift deposits and the 3 GPA 
applications had the highest deposits. The overall conclusion from the drift studies is that 
air-assist nozzles give low spray drift deposits even at spray volumes as low as 5 gallons per 
acre.
DISCUSSION
Air-assist nozzles have the potential to replace some of the required spray volume with air 
to help atomize the liquid and help transport it to the target plant. With these nozzles it is 
possible to reduce normal spray volumes, and by selection of the correct operational 
parameters, it is possible to change the droplet size spectrum and obtain good results with 
minimum drift potential. In this study, the air-assist nozzle performed well in laboratory, 
field and drift evaluations. Calibration of the nozzles is difficult, and before the system can 
be successful in commercial use, a method of controlling the operational parameters must 
be developed.
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Table 1. Droplet sizes produced by air-assist nozzles
Nozzle & 
insert 
number
Air-
pressure
(psi)
Liquid
pressure
(psi)
Median
diameter
(microns)
% Volume 
< 100 
microns
35 11 15 116 39.2
15 15 93 53.7
11 22 107 26.5
42 11 15 147 29.2
11 22 216 16.9
15 30 212 18.8
62 15 22 354 7.8
15 30 * *
15 38 * *
11004 - 30 202 14.1
- 38 193 16.9
♦Maximum droplet size was larger than instrumentation could measure.
Table 2. Weed control from applications with the air-assist nozzles
Spray Air Liquid Foxtail Visual
volume pressure pressure control rating
(GPA) (psi) (psi) (%) (%)
3.2 90
5.3 11 15 12.9 ba 75
5.3 11 15 11.7c 80
10.7 11 22 11.9c 80
10.7 15 30 11.2 c 90
21.4 15 22 12.7 b 80
21.4 15 30 11.4c 85
21.4-Conventional 13.1 b 80
Check 20.7 a 0
a Data followed by the same letters in this column are not 
significantly different at the 10% level.
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SPRAY CAP 
(BRASS)
EXIT NOZZLE
LIQUID INLET
AIR INLET
BODY (NYLON)
DIAPHRAGM
(EPOM)
QUICK UN I JET 
CAP (CELCON)
FLUID ORIFICE 
INSERT 
(BRASS)
STRAINER 
(STAINLESS STEEL)
ENO CAP (NYLON)
Figure 1. The Aiijet nozzle (Spraying Systems Co., 1991).
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Figure 2. Collected spray drift deposits from selected applications with the 
air-assist nozzles.
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Status and Future of Insect Surveys in Illinois
C. Helm
The rapid settlement and onset of agriculture throughout Illinois in the mid 1800s brought 
with it entomological problems and losses of enormous magnitude. Fortunately, a group of 
progressive- thinking agriculturists and horticulturists mounted a campaign requesting the 
appointment of a State Entomologist to investigate and assess these losses (Decker 1958). 
These early State entomologists, in effect, laid the foundation for present-day insect survey 
and management efforts. Their writings and philosophy regarding the usefulness and 
appropriateness of information relative to the distribution and abundance of "noxious and 
beneficial insects of the State of Illinois" (Le Baron 1871, Thomas 1881) provide an 
interesting and invaluable legacy.
Time certainly has altered the emphasis and style of modern-day insect surveys compared 
to those of our pioneering State Entomologists. Nonetheless, the detection of pest and 
beneficial insects and surveys to delineate their distribution and abundance are still the 
same prerequisites to the development of management strategies that they were nearly 150 
years ago. This article will explore concepts relevant to current insect surveys within 
Illinois, our participation in national survey efforts, and the development and use of 
databases to manage and transfer information generated through survey efforts. Although 
the emphasis of this discussion is strictly insect surveys, it will be apparent to readers that 
similar, if not identical philosophies and efforts are underway in the disciplines of weed 
science, plant pathology, and nematology.
COMPONENTS OF AN EFFECTIVE INSECT SURVEY AND DETECTION PROGRAM
Generally speaking, all insect surveys are much alike in that they share the goal of 
assessing some property of the insect or insects in question over a reasonably large area 
(National Academy of Sciences 1969). While the initial emphasis of our early State 
Entomologists tended more towards qualitative surveys concerning the entire fauna of the 
state, these efforts gradually focused on the distribution, abundance and economic 
importance of specific insect pests (Thomas 1881) or pest and beneficial complexes of an 
individual crop (Forbes 1920). Unquestionably, these lists of pests, their distributions and 
the description of their injury to crops proved useful from both an agricultural and 
entomological standpoint, and similar publications (e.g., Kogan and Kuhlman 1982) fulfill 
the same information needs of producers and crop managers today.
Notwithstanding the value of these pioneering qualitative survey efforts, present day 
surveys are somewhat more focused and quantitative in nature. This does not imply that we 
have gathered all the entomological information we will ever require to manage insect 
problems successfully in this state or the nation. Instead, we face the likelihood of 
different, even more complex problems as new, exotic species are inadvertently introduced, 
or as existing pests modify their habits or expand their ranges in response to changes in 
both their environment and our production and management practices. It is within this 
context that we still require survey and detection activities of agricultural pests and their 
natural enemies.
The Illinois Insect Surveys Committee, composed of entomologists at the Illinois Natural 
History Survey, has identified three types of surveys that should be considered:
1. Detection surveys to determine the presence/absence of an insect and, if 
present, its range;
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2. Phenology and abundance surveys to determine when during the season an 
Insect is present and to estimate its population size;
3. Surveys pertinent to population dynamics research to help determine and 
understand factors that affect the dynamics of pest and beneficial 
organisms in changing agricultural production systems.
The two key requirements for the value and success of any of these types of surveys are the 
generation of high quality raw data through field observations and the conversion of that 
data into useable, retrievable information. Standardized survey protocols and methodology 
have been developed for many insects of importance to ensure the collection of high quality 
data and research to develop new methods to improve the quality of data collection is 
ongoing. Up to the minute information from scientific pest surveys is made available to 
Illinois producers and pest managers through such publications as the weekly Pest 
Management & Crop Development Bulletin of the Cooperative Extension Service. However, 
long term databases, either state or national, that reflect years of survey efforts and 
observations will likely prove to be one of our most valuable tools for the understanding of 
agroecosystems and the reasons and probabilities for future pest infestations.
CURRENT ILLINOIS INSECT SURVEY PROGRAMS
Accurate, reliable pest monitoring is a complex process that requires the coordination of 
considerable resources and manpower as well as knowledge of pest biology, identification 
and appropriate sampling or survey methodology. Illinois Department of Agriculture pest 
survey specialists, county extension advisers, area IPM specialists, research and extension 
specialists of the Illinois Natural History Survey and the University of Illinois and 
numerous private citizens all contribute to the collection of pest monitoring data.
A short list of current, ongoing insect surveys in Illinois includes:
1. European com borer;
2. Pheromone trapping of black cutworms;
3. Pherome trapping of com earworms;
4. Com rootworm beetles and damage in com/soybeans;
5. Alfalfa weevil eggs;
6. Alfalfa weevil parasitoids and fungal pathogens;
7. Potato leafhoppers in alfalfa;
8. An ecological survey of conventional versus sustainable agricultural systems;
9. Mosquitoes, especially distributional studies of the newly introduced Asian 
tiger mosquito;
10. Forest insect pest surveys.
This list is not meant to be all-inclusive and does not mention surveys for pests such as 
grasshoppers that re once included in this publication. It merely represents the wide variety 
of insects, environments and different survey techniques that are part of the overall 
program.
This article is not a "how to" manual of techniques. A significant body of work is already 
available for individuals who are interested in the mechanics of surveying individual 
species (Lovett 1985). Instead, the article discusses a few representative annual pest surveys 
in Illinois from the perspectives of individual species biology and the ultimate value of the 
survey.
Surveys for migrant pests (for example, the black cutworm and potato leafhopper), can alert 
producers of the likelihood and timing of economic infestations. The black cutworm 
monitoring program has been in existence for nearly twelve years and is a joint effort of 
nearly 200 statewide cooperators and extension entomologists. Daily moth counts from 
pheromone "wing" traps placed outdoors in early spring are mailed to extension entomology
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offices on a weekly basis by this network of cooperators. Data are summarized and, in 
cooperation with Illinois State Water Survey climatologists, maps of projected cutting dates 
are generated and reported in the weekly Pest Management & Crop Development Bulletin. 
This early warning system allows growers to scout fields for signs of early leaf feeding with 
projected cutting dates in mind. First occurrence reports of potato leafhoppers are 
somewhat easier to obtain during their migration into Illinois from overwintering areas in 
the Gulf States. Specific weather patterns and fronts are well correlated to these movements 
and are useful as indicators of potential arrival dates in the spring. Reports of the results of 
frequent sweeping of alfalfa fields beginning in mid-April by participating researchers and 
area IPM advisors are enough to alert producers of the first presence of this potentially 
damaging pest. However, scouting of individual alfalfa fields is still necessary for treatment 
decisions.
Other insect species such as the com earworm do, in some years, overwinter successfully in 
Illinois. Migration flights of adult earworms from the Gulf States also occur in most years. 
Pheromone-baited cone traps are an effective means of monitoring both com earworm 
emergence and migration (Randell 1991). Trapping data reported by nearly 40 statewide 
cooperators provide important information on seasonal trends of emergence and relative 
abundance of the two generations of earworms that occur every season. In addition, seed 
com producers who operate pheromone traps, or who have access to data generated by a trap 
in the vicinity, can actually use these data in decision-making for com earworm control.
An almost overwhelming amount of data has been generated from nearly 50 years of fall 
surveys of overwintering European com borers. In fact, Illinois has the largest collection of 
com borer survey data in the United States (Briggs and Guse 1986). Each fall, extension 
entomologists select counties for inclusion in the yearly survey. Participating University of 
Illinois and Illinois Natural History Survey entomologists and county extension advisers 
select 10 fields in each of these counties in order to quantify population levels of mature 
borers that attempt to overwinter in Illinois. Projections of the potential for damaging 
infestations the following season have been based on these fall surveys; however, 
correlations between fall and spring populations have not always been precise (Briggs and 
Guse 1986).
NATIONAL PEST SURVEY PROGRAMS
The Cooperative Agricultural Pest Survey (CAPS) program evolved in 1988 from previous 
national efforts of plant pest detection and monitoring. This cooperative program involves 
federal, state and public entities and receives direction and funding from the U. S. 
Department of Agriculture, Animal and Plant Health Inspection Service, Plant Protection 
and Quarantine (USDA/APHIS/PPQ). Illinois has been an active participant in this 
national program with the involvement of staff and personnel of the Illinois Natural 
History Survey, University of Illinois College of Agriculture, Illinois Department of 
Agriculture, Illinois Crop Improvement Association and the collaboration of the USDA. 
Representatives from these participating agencies comprise an Illinois Pest Survey Planning 
Committee which provides advice and guidance to this multi-agency, multi-disciplinary 
program.
Protecting American agriculture from foreign plant pest introduction and facilitating 
national and international agricultural commerce through export certification are legally 
mandated responsibilities of USDA/APHIS/PPQ and dictate the emphasis of these surveys. 
Detection surveys for a variety of insect, weed, disease and nematode pests that are not 
known to occur in the U. S. are conducted every year based on risk assessments from a 
designated exotic pest list. With early detection through an organized survey network, 
effective protective actions can be taken before an exotic pest becomes established. 
Pheromone trapping to document the presence or absence of three potential pests of apples 
was conducted in 30 orchards in central and east-central Illinois this past season; plans are 
to trap for these same three species in western and southern Illinois in 1992. So far, the 
apple ermine moth, pear leaf blister moth and cherry bark tortrix have not been found
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anywhere in Illinois, but pathways for their introduction exist so the continued survey 
effort is clearly warranted.
The Illinois Crop Improvement Association, under the auspices of the Illinois Department 
of Agriculture, provides phytosanitary export certification of com and soybean seeds to 
fulfill the second mandated APHIS/PPQ activity. Although these surveys do not presently 
include an insect component, over 20 different diseases are monitored in this important 
segment of the overall program.
Statewide interests obviously tend more toward endemic pests that may be damaging at the 
present time. However, high quality data collected for one purpose can often be shared by 
cooperating local, state and federal agencies to accomplish other purposes. Thus, 
monitoring for the occurrence and movement of certain newly established pests, perhaps of 
limited distribution, is another area of Illinois' participation. More than 6,000 gypsy moth 
traps were operated by APHIS/PPQ and Illinois Department of Agriculture cooperators in 
1991; more than 8,000 will be monitored in 1992.
Yearly data gathering and reporting of results from ongoing surveys in Illinois and other 
states within our region that share common pests are also important components of CAPS. 
First occurrence reports for migratory pests such as black cutworms and potato leafhoppers 
are important in order to make pest control alerts within regions and can help facilitate 
wide-area forecasts and pest management strategies. Distribution and abundance data, 
cropping history information and occurrence of beneficial organisms collected according to 
standardized protocols relative to a select group of established pests {for example, European 
com borer) may also lead to an improved understanding of pest/crop interactions and help 
predict pest problems within broad regions of the country. These surveys provide an 
additional link between state activities and the national CAPS program.
Timely communication of this information within the state and region is essential if its 
full value is to be realized. Our weekly extension releases contain statewide input from 
specialists in all disciplines of crop production and protection and provide an excellent 
source of the most current information available on insect and other pest problems as they 
develop. An additional national electronic information exchange system (TeleMail) ensures 
the rapid dissemination of information regarding first occurrence of pests or other 
significant pest events among states within the region.
PEST SURVEY DATABASES
Just as survey emphasis and methodology have changed and advanced from the early days 
of the State Entomologists, so, too, have the means of storing and manipulating data 
resulting from these surveys. Paper systems and file cabinets of the past are now far too 
cumbersome, outmoded and, to a large degree, inaccessible to other potential users of the 
data. Major efforts are underway at both the state and national levels to enter or convert 
existing pest data into permanently stored, standardized, retrievable, electronic formats. 
This does not imply that newsletters and other media will not remain the major source of 
rapid within-state dissemination of information to the public. It does, however, recognize 
the value and importance of existing databases and the need to improve and develop others 
to enable us to fully utilize the information they contain.
Statewide databases exist for many insects in a wide variety of formats and availability. 
European com borer survey data are perhaps the best and most exciting example of the 
value and importance of a 48-year historical perspective of an individual pest. Analysis of 
these data from the last four decades provided:
1. Trends in population fluctuations;
2. Information on incidence and abundance in various regions of the state;
3. Individual years with extremely high or low numbers;
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4. Intervals of years between outbreaks that may indicate a pending serious 
infestation;
5. Little correlation between fall counts and spring populations if only 
population numbers are examined (Briggs and Guse 1986).
Closer examination of other factors, including weather, planting dates, tillage types and 
biotic and chemical controls are necessary before we can make the most accurate forecasts, 
but the value of this long-term database as a starting point is immeasurable.
The National Agricultural Pest Information System (NAPIS) is a national pest database that 
is an additional aspect of the CAPS program. This electronic database summarizes and 
stores information submitted in a standardized format by all 50 states and APHIS/PPQ staff 
for all classes of pests, including insects, weeds, diseases and nematodes. Information on 
pest conditions and associated information such as host crops, weather and geographical 
locations is immediately available to those with access to NAPIS. Currently, only land 
grant universities, state departments of agriculture and state and federal plant protection 
officials have access to NAPIS. The potential functions and uses of NAPIS are many, from 
solving questions in areas where specific pests are either long-established or only recently 
detected, to pest forecasting and better planning for control strategies within regions.
A third database, again with national emphasis as part of the CAPS program, is known as 
DATAPEST. Although still in its infancy, the purpose of DATAPEST is to establish a 
permanent, automated storage of national pest and beneficial distribution information. 
Participants in CAPS have designated specific pests and beneficials as candidates for initial 
inclusion in DATAPEST. Data output will be available to users in two forms: 1) state and 
county maps of distribution or 2) printed reports including distribution by state, county, 
date of records, and status codes indicating degrees of establishment.
FUTURE OF INSECT SURVEY EFFORTS
Current insect pest situations are dynamic. There is always the possibility of new problems 
developing or problem areas changing as management and production practices are 
modified. The accidental introduction and establishment of new, exotic pests not previously 
known to occur in the U. S. or state of Illinois is an additional threat to agriculture.
Ecologists, agriculturists and IPM practitioners are well aware of the importance of 
systematic monitoring and field scouting to quantify the incidence and abundance of 
organisms within the ecosystem, whether it is a "natural" system or an agroecosystem. 
Standardized field observations over wide areas--surveys--are essential for describing trends 
or regional changes in insect pest abundance and are the primary tools for the early 
detection of exotic introductions. Historical records of pest dynamics and changes in 
cropping systems are equally valuable components in combination with our field 
observations for the development of systems that might forecast future changes in pest 
impact and abundance (Gage and Russell 1987).
The value of information generated by today's high quality pest surveys is such that, 
without the aid of computer technology, the storage, management and analysis of data 
would be extremely difficult. Pest monitoring results must be properly recorded and stored 
if we are to realize their full benefits. Database management and development are necessary 
for the maximum utilization of existing and future data sets.
Properly conducted surveys and analyses of databases will provide information about 
endemic pests and natural enemies which can lead to improved understanding of the 
dynamics of pests and crops, assess changing pest activity and monitor pest buildups, 
predict pest impact or outbreaks and help determine research needs. Our existing programs 
recognize the need for coordination and cooperation among and within a variety of different 
agencies to collect and manage pest survey information. Insect surveys will continue to be 
an important ingredient and valuable resource in future IPM programs.
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Highlights of Some 1991 Weed Science
Research
E. Knake
Accent and Beacon. With these two herbicides being new, various aspects of their use and 
potential for new uses were explored. Evaluation of adjuvants with Accent indicated a 
methylated seed oil (Scoil) to be most effective, petroleum based crop oil concentrate 
intermediate, and X-77 slightly less effective. However, differences appeared relatively 
minor. Ammonium sulfate and 28 percent nitrogen solution gave further enhancement to 
about the same degree.
When adding other herbicides to Accent to broaden the spectrum of control, there was little 
evidence of increased com injury from atrazine, Banvel, or Buctril. However, addition of 
Bladex caused significant effect on com and Basagran had a lesser effect. There appeared to 
be little conclusive evidence of antagonism with these mixtures to decrease control of giant 
foxtail.
Accent and Beacon were evaluated for control of perennial grasses and legumes including 
Kentucky bluegrass, smooth bromegrass, orchardgrass, tall fescue, Reed canaiygrass, alfalfa 
and red clover. Accent was more effective than Beacon on the grasses except for smooth 
bromegrass. However, except for timothy, control was not generally considered adequate to 
promote such use. On the contrary, there may be sufficient selectivity with Beacon to 
control some weed species in bluegrass. Control of alfalfa and red clover was better with 
Beacon than with Accent. Although there are lower cost alternatives for clover and alfalfa, 
some control of these legumes may be of benefit where the Accent or Beacon is being used 
primarily for control of other species. The possibility of controlling clover in soybeans by 
using sulfonylurea tolerant soybeans and Beacon was suggested.
With Accent giving good control of annual grass and Beacon giving better control of 
broadleaf weeds, combinations with various ratios of the two were evaluated. A half rate of 
each in combination provided relatively broad spectrum control, and potential for 
appropriate residual activity was suggested. The possibility of using such a treatment with 
sulfonylurea tolerant soybeans also was suggested. Although the results of this research 
were quite interesting, they should be considered veiy preliminary at this stage.
In studies with Counter followed by Accent, a major factor appears to be organic matter 
content of the soil. While relatively little effect has been noted on 5 to 6 percent organic 
matter soil near DeKalb, very significant effect occurred on a soil with 1 to 2 percent organic 
matter at the Orr Research Center near Periy. In 1991, treatments with 15G and 20CR were 
compared. With in furrow applications, both the 15G and 20CR had a very dramatic effect 
on com. Rainfall near the time of Accent application also appears to accentuate injury.
Sulfonylurea tolerant soubeans. Research was conducted with Williams 82 STS compared to 
regular Williams 82 using a range of rates of Classic and Pinnacle each alone and also in 
combination. Although there was little effect on soybeans, even with relatively high rates 
of Classic or Pinnacle under the conditions of this study, improved tolerance for STS 
soybeans was indicated. However, unexpectedly, Pursuit had a significant effect on the STS 
soybeans, suggesting the possible need for some caution in matching herbicides with certain
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herbicide tolerant varieties. The effectiveness of Classic on nutsedge and the tolerance of 
nightshade to both Classic and Pinnacle were noted in this study.
No-tili com  after so yb ea n s. The 1991 studies reconfirmed that excellent herbicides are 
available for no-till com after soybeans and that good control can be achieved with little or 
no increase in herbicide rates or costs. Bladex plus atrazine in a 1:1 ratio or Extrazine (3:1 
ratio) has provided both good bumdown and residual. Various combinations with Lasso, 
Dual, atrazine, Bladex, Banvel, 2,4-D, Basagran, Buctril, and Accent have performed well.
No-till so yb ea n s qfter com . A  major objective is to develop convenient, economical 
treatments to provide good weed control and minimal risk of injury to soybeans and the 
subsequent crop. Canopy and Preview have provided good bumdown and residual control of 
a broad spectmm of broadleaf weeds including "marestail" (horseweed) and prickly lettuce.
A herbicide such as Lasso, Dual or Prowl may be added initially to improve control of grass 
weeds. Or a sequential treatment with Assure, Poast, Fusilade, or Option may be used as 
needed.
Pursuit Plus has performed relatively well for both bumdown and residual. However, 
additional attention may be needed for some weeds such as “marestail” and prickly lettuce.
Roundup or Touchdown for early bumdown followed by Tornado for broad spectmm 
postemergence control has provided convenience and good control.
Use of 2,4-D plus Poast early, followed by Galaxy and then Poast has been considered 
somewhat of a standard for comparison. Although more expensive than 2,4-D, the 2,4-DB 
for early control of broadleaf weeds prior to planting performed relatively well for no-till 
soybeans.
Although Canopy and Preview generally have given very good weed control, carryover of the 
chlorimuron has presented problems on high pH soils. Therefore, we are exploring 
possibilities for a "Canopy Lite" with a reduced rate of chlorimuron. One possibility may be 
to substitute another short residual sulfonylurea for part or all of the chlorimuron.
Another possibility is a reduced rate of Command plus a reduced rate of Canopy.
Command or Command plus Canopy applied to the surface prior to April 1 to avoid off site 
movement generally has performed well.
Time o f d a y  for Poast. If photodegradation is important for Poast, then theoretically it 
might be more effective if applied shortly before or after dark. In one study, applications 
were made at 6 AM, noon, 6 PM and midnight using two different rates. There may have 
been slight differences in 1990 to support this theory. However, in 1991, conditions were so 
ideal for good performance that excellent control of giant foxtail was achieved with both 
rates applied at any of the four times.
Pursuit plus post grass killers. In a comparison of Pursuit tank-mixed with Poast, Fusion, 
or Assure, the Pursuit appeared to be antagonistic, thus causing decreased giant foxtail 
control. The decrease was greatest with Poast, moderate with Fusion, and least with Assure.
N ew herbicides an d  formulations. Two different dry flowable formulations of trifluralin 
were compared with the regular 4EC formulation. No significant problems were encountered 
in mixing or application, and performance for all three was comparable alone or in various 
combinations. However, some field reports suggest that it may be well to monitor use and 
performance under various conditions. A new dry formulation of Lasso also performed 
well.
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Select compared quite favorably with other postemergence grass killers for soybeans for 
control of both annual grasses such as giant foxtail and perennials such as johnsongrass. 
Select may have an added advantage of giving some residual control if conditions such as 
soil moisture are favorable.
Savage, a dry water soluble formulation of 2,4-D was very similar in performance to a 
liquid formulation. Shotgun, a combination of 2,4-D plus atrazine, performed in a manner 
similar to that of Marksman, but it may be advisable to study further its possible effects on 
com.
A comparison of adjuvants with Pursuit postemergence indicated similar results with the 
methylated seed oil Sunit II, compared to Dash and both were slightly more effective than X- 
77.
Fusion, a combination of Fusilade with a little Option added to improve annual grass 
control, performed very well, and when combined with Reflex, it gave very good broad 
spectrum control with one application. Fusilade continued to perform extremely well on 
volunteer com, and the addition of a little Fusilade to Poast improved control of volunteer 
com significantly.
A low rate of Sencor combined with Basagran, 2,4-D ester, or 2,4-D amine provided good 
postemergence control with little effect on com noted.
Acetachlor provided good grass control with the addition of atrazine broadening the 
spectmm. The addition of a safening agent appears appropriate.
XRM5313 appeared to provide relatively good soybean tolerance and improved control of 
broadleaf weeds compared to trifluralin alone.
V-53482 performed well in various combinations for no-till and stale seedbed systems. The 
stale seedbed concept with seedbed prepared early and herbicides applied later (e.g. closer to 
the time of weed emergence) appeared to be quite valid. However, the trend, especially for 
commercial applicators, appears to be toward earlier herbicide applications.
Observations on hairy vetch indicated some tolerance to trifluralin and Pursuit. Use of 2,4- 
D or Marksman provided excellent control of hairy vetch, but significant tolerance to 
Roundup was noted.
Results with such treatments as Poast plus 2,4-DB for alfalfa continued to vividly illustrate 
the advantages of herbicides for good legume establishment. Studies with Pursuit on alfalfa 
indicated good alfalfa tolerance and good weed control.
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What's New at the Plant Clinic?
N. Pataky
Paper not submitted.
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Management of Insects 
in Seed Corn Production
M. Bergman, A. Sayers, and R. Johnson
OVERVIEW
Com grown for seed is often affected by the same pests that affect com grown for grain. 
However, integrated pest management (IPM) decisions can be considerably different for seed 
production than for grain production. Inbreds are typically less tolerant to stress caused by 
pests than are hybrids and the value of the seed is considerably greater than com grown for 
grain. As a result, IPM programs in for seed com are probably more similar to those for 
specialty crops such, as fruits and vegetables, than for those in commercial com.
There are many excellent references on IPM available to commercial com producers and 
their advisors; however, there is very little published information on IPM in seed com. 
Consequently, we have been working with extension personnel at Purdue University to 
develop an IPM manual for seed com production that would be applicable across the Com 
Belt of the U.S. This new publication is entitled Seed Com Pest Management Manual for the 
Midwest and is available from Purdue University. For more information, contact:
Purdue Pest Management Programs 
1158 Entomology Hall 
Purdue University 
West Lafayette, IN 47907-1158 
(317) 494-8761
Despite the fact that a number of insects can be found in com grown for seed, the most 
important insects, in terms of frequency of occurrence and acres affected, probably include 
the com rootworms (larvae and adults), com earworms and European com borer (ECB). In 
the last several years, ECB infestations have been particularly heavy throughout much of 
the Com Belt. Therefore, the following discussion will focus on management of ECB in seed 
com production.
EUROPEAN CORN BORER
Background
At least two generations of the European com borer occur per year throughout most of the 
Com Belt. First-generation larvae (ECB1) typically are found in com that in the mid- to 
late-whorl stages of development. Infestations of the second generation (ECB2) usually occur 
during or shortly after the pollination period. Stalk tunnelling from either generation can 
result in physiological yield losses. In addition, feeding by ECB2 larvae directly on kernels 
can further reduce yields of saleable seed.
Decision G uidelines
Most research on managing com borers (e.g., decision-making guidelines, control measures, 
etc.) has been conducted on hybrid genotypes and com produced for grain. As a result, 
economic-injury levels (EIL's) and thresholds for use in the production of hybrid seed com 
often have extrapolated from those used in grain production, with some nominal 
"adjustments" to reflect the greater value of com grown for seed. Although the value of a 
crop is central to IPM decisions and should be considered, extrapolation from research on
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hybrids assumes that the yield-loss relationship describing the effects of com borer 
infestations on inbreds is the same as it is on hybrid genotypes. Given the widespread 
impact of ECB on seed com production and the uncertainty of whether existing 
guidelines for pest management decisions derived from research with hybrids, we conducted 
research to determine the effects of infestations of ECB 1 and ECB2 on selected inbred 
genotypes to develop EIL's for use in seed com production.
Due to constraints for time and space, only a subset of inbreds could be included in our 
experiments to develop EIL's for ECB on seed com. We chose to work with three inbreds that 
are currently important seed parents. Based on data available from our plant breeders who 
continuously evaluate our proprietary genetics for tolerance to ECB1 and ECB2, these three 
inbreds were characterized as sensitive to moderately sensitive.
Small-plot experiments were established at a total of five locations in 1988 and 1989. 
Because field scouting and management decisions at Pioneer are based largely on the 
percentage of plants infested with ECB, these studies were designed to simulate seed 
production fields with various levels of infestation (0 to 84 percent of the plants infested 
with newly-hatched larvae). Separate but identical experiments were established for ECB1 
and ECB2 by infesting plants with newly-hatched larvae during the mid-whorl stage (ECB1) 
or at flowering (ECB2). Analyses focused on the effects of the infestations on yield, both in 
terms of bushels per acre and saleable seed (i.e., 80,000-kemel units), to evaluate the data 
from the standpoint of the seed grower and seed company, respectively.
Results of this research showed that infestations of either ECB1 or ECB2 resulted in 
significantly reduced yields of the inbreds; the responses among the inbreds tested were 
consistent. Infestations of ECB1 caused greater yield losses than infestations of ECB2, 
although both caused significant losses.
To be most useful, EIL's should be dynamic, reflecting the expected yield, the value of the 
crop, expected levels of control and costs of control. Thus, for the purpose of illustration, 
the yield-loss relationships established in these studies on inbreds were used with fixed 
estimates of the other factors that affect the EIL such as value of the crop, costs and expected 
levels of control.
When infestations of ECB 1 reach economic levels, one application of an insecticide is 
usually sufficient to manage the problem. Therefore, for purposes of calculating an EIL for 
ECB1 and establishing the level of yield loss that would need to be expected before 
application of an insecticide would be justified, it was assumed that a single application 
would be needed at a total cost (product + application) of $10.00 per acre. The anticipated 
level of control is needed to estimate preventable yield losses through timely management. 
Based on research over the past three years in seed production fields, our data suggest that 
70 percent control of ECB 1 is a realistic expectation.
With these assumptions, and considering the value of the seed com to be equal to the costs 
of production (i.e., not the potential market value of the seed), an approximate EIL for ECB1 
would be when greater than 5% of the plants of the seed parent are infested with newly- 
hatched or larger larvae.
The same analysis was conducted for ECB2. However, two applications of an insecticide 
often are needed to achieve 70% control of ECB2, at a total cost of $20 per acre. With this 
scenario and the yield-loss relationships derived from these experiments, the EIL for ECB2 
on seed com would be exceeded when more than approximately 15% of the plants have egg 
masses or small larvae feeding in the leaf axils.
Based on the results of these experiments and analyses, it should be apparent that treatment 
thresholds for ECB1 and ECB2 on seed com are considerably different for inbreds than for 
the better known effects on hybrids. EIL's for ECB1 and ECB2 on hybrids in grain 
production usually approach 50 to 75 percent infestation our results suggest treatment of
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seed com would be economically justified when infestations exceed 5 and 15 percent for 
ECB1 and ECB2, respectively. Reasons for these substantial differences relate to the fact 
that seed is of greater value (i.e., approximately six times more valuable in these analyses) 
and inbreds seem to be more affected by ECB infestations than hybrids.
Two additional factors that should be considered in the pest management decision-making 
process for com borers in seed com are the size and location of the larvae on the com 
plants. To effectively manage ECB1, insecticides must be applied when the larvae are 
relatively small and feeding where they will be exposed to the insecticide before they begin 
to tunnel deep into the whorl and begin to bore into the stalk.
Our experiences have indicated that, to be most effective, insecticides should be applied 
when the majority of the insects are third instars or smaller. Instar guides for ECB larvae 
are available to assist scouts in accurately assessing larval age or size. However, most 
scouts have a tendency to underestimate age classes, especially of small larvae (e.g., second 
instars are often mistakenly categorized as firsts). Errors of this kind can be very costly, if 
most of the insects are nearing a size when their feeding behavior no longer exposes them 
to the insecticide. This is especially critical for the biological insecticides which the larvae 
must ingest in order for mortality to occur.
Timing of insecticide applications is no less important for ECB2 than ECB1. For best 
results, treatments should be applied when eggs are beginning to hatch and/or small larvae 
are feeding in the leaf axils. The greatest difficulty in the decision-making process for ECB2 
probably is that sampling for ECB2 is based primarily on finding eggs and/or small larvae 
on full-canopy com plants. This is considerably more challenging than sampling for ECB1 
which is typically associated with conspicuous shot-hole feeding on knee- to waist-high 
plants. By comparison, scouting for ECB2 is akin to "finding a needle in a haystack" and 
accurately estimating the number of needles per haystack! Thus, scouting to obtain accurate 
and timely assessments of the development of com borer populations, especially for ECB2, 
is probably the weakest link in current IPM programs for European com borers in seed and 
commercial com.
Control o f First Generation ECB
Control of ECB1 in seed production is similar to that in com grown for grain. Aside from 
the critical importance of timeliness of an insecticide application, with respect to larval 
size and feeding site on the plant, a secondary consideration is whether a granular or liquid 
formulation is applied. Overall, our research over the past four years has shown no 
significant differences in level of control between granular and liquid formulations, with 
the exception of the biological insecticides derived from Bacillus thurinoiensis (Bt). With 
ground applications, we have been unsuccessful in achieving acceptable control with liquid 
formulations. Granular formulations of Bt insecticides such as Dipel 10G\ and Full-BacrM 
ECB GRANULES have, however, provided control comparable to that of several of the 
synthetic insecticides.
Presumably, the less-than-satisfactory results we have obtained with liquid formulations of 
Bt insecticides are due to application problems related to the fact that com borers are quite 
susceptible to Bt endotoxins. Thus, it seems that coverage of the plant may be insufficient to 
penetrate the whorl with the spray volumes commonly used in ground or aerial application. 
As a consequence, the larvae do not ingest a toxic dose of the Bt endotoxin. An anecdote 
that supports this theory is that we have observed and there are published data 
demonstrating that application of a liquid Bt through overhead irrigation is usually quite 
effective where the spray volume is high and penetration of the whorl is complete. 
Nevertheless, based on our research, aerial or ground application of a liquid formulation of 
one of the Bt insecticides does not seem to be an effective method of controlling ECB1 in 
seed com.
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Another factor that should be considered in the decision about formulation of an insecticide 
for ECB1 is size of the com. On small com (i.e., about 12- to 18-inch free-standing height), 
granular formulations do not seem to be as effective as liquids because the size of the whorl 
is such that very few granules reach the target site where the insects are feeding. On larger 
com, however, either granular or liquid formulations should provide acceptable control.
One key economic consideration is whether an insecticide for ECB1 is applied by air or with 
ground equipment. Ground equipment allows an applicator to reduce rates per acre by 50 
percent or more, compared with aerial application by targeting the application over the row. 
However, if many acres need to be treated and/or soil moisture prevents the use of ground 
equipment, aerial application may be the only alternative. Another advantage for ground 
applicators is that it is less conspicuous to the public than aerial applications. This can be 
especially important in "sensitive" areas and because seed production is so much more 
labor-intensive than commercial com production.
Control o f  Second-Generation ECB
Although ELB feeding on the ear, particularly in the ear shank, is a concern for commercial 
com growers, the primary reason that seed companies are concerned with ear feeding by 
ECB is due to effects on seed quality from kernel feeding. In some instances, reductions in 
yields of saleable seed resulting from the removal of insect-damaged kernels during the 
conditioning process can exceed physiological yield losses. Therefore, insecticides for ECB2 
on seed com need to provide not only protection of the com stalk, but also adequate 
protection of the ear husks and silks. As a result, protection of seed com from ECB2 has 
primarily involved the application of liquid formulations.
Although one application of an insecticide is usually sufficient for control of ECB1, 
management of ECB2 often requires more than one application because the emergence of 
moths and subsequent oviposition frequently occur over a period of several weeks. As such, 
two applications of an insecticide approximately 10 days apart may be needed to effectively 
protect the crop from ECB2.
Aside from the need to consider efficacy in the decision of which insecticide to use for ECB2, 
another major factor that must be considered is worker safety, especially during reentry 
periods. For example, although Furadan has historically been considered a standard for 
control of ECB2, lengthy reentry periods (e.g., 14 days) preclude its use in seed com 
production. Unfortunately, our research to date with Bt insecticides for ECB2 has not 
demonstrated acceptable results. Therefore, we rely almost entirely on contact insecticides 
for ECB2. Several of the pyrethroid insecticides have good activity on com borer and also 
provide control of com earworms. However, restrictions regarding application of liquid 
formulations of permethrin before the brown silk stage limit the use of these insecticides 
after detasselling.
THE FUTURE OF ECB MANAGEMENT
Because of the heavy reliance on human labor for detasselling among companies that do not 
use cytoplasmic male sterility to control pollination in seed com, the risk/benefit 
assessment of using contact insecticides is considerably different than it is in commercial 
com production. In some cases, concern for worker safety may be so great as to preclude the 
use of any insecticide during detasselling. Add to this the fact that seed is of considerably 
greater value than com grown for grain, and the scenario is one in which there is great 
potential for the use of new developments in biological control. As an example, recent and 
ongoing research with controlled releases of parasitic wasps (e.g., Trichoaramma s o p .) and 
new formulations and methods of application of biopesticides (e.g., the fungal 
pathogen Beauveria bassian a . new bioengineered strains of Bt, etc.) offer new hope for insect 
management in com.This is especially relevant for seed com companies that need and have 
the personnel to implement relatively sophisticated IPM programs to maximize profits 
while providing maximum protection of human and natural resources.
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Pest Control 2000: Predicting our Future
D. Pike
The only thing we can say for certain about the future is that it will challenge our resources 
and abilities to the fullest. However, as cloudy as our crystal ball may be, changes begun in 
the 1970s and 1980s are likely to continue in the 1990s and thereafter. Issues which are 
likely to remain a priority include environmental quality, food safety, pesticide resistant 
pests and ever increasing regulatory control. These issues will be complicated by a loss of 
registered compounds used on minor crops and by an increased introduction of bio­
engineered crop plants and pest control agents.
Within the arena of the environment, air quality and transport and storage of chemicals 
may be top issues while preemption of federal rules by municipalities continues to be the 
sword of Damocles for dealers. Other important issues include the siting of dealer facilities 
and certification of those making pesticide applications as well as certification for those 
making pesticide use recommendations.
Just as the age of invention and industrialization has brought us to the current stage of 
modem chemical methods of pest control, the age of information and communication also 
will have its impact on our industries. Record keeping, tracking pests and field histories, 
and making recommendations for pest control will move toward implementation on 
electronic media. Changes also are inevitable for Cooperative Extension as well as for 
consultants and dealers.
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Stewart’s Bacterial Wilt of Sweet Com
J. Pataky
Two phases of Stewart's bacterial wilt caused by Erwlnia stew artii occur on com. The 
seedling blight phase, which is characterized by water-soaked lesions on leaves and stunted 
plants, can damage sweet com hybrids that are susceptible or moderately susceptible to E* 
s tew a rtii. The leaf blight phase, which occurs after anthesis, has little effect on the yield of 
sweet com. The importance of Stewart's wilt in the production of sweet com depends upon 
the amount of inocula of E. s te w a r tii the resistance or susceptibility of the hybrid which is 
grown and the growth stage at which plants are infected.
PRIMARY INOCULUM
The amount of inocula of E. s tew artii is related to populations of the com flea beetle, 
Chaetocnem a pulicaria. an overwintering host and vector of E. s te w a r tii A method to 
predict the occurrence of Stewart's wilt from temperatures in December, January and 
February was developed by Stevens (13) in the 1930s and is based on the winter survival of 
the com flea beetle. According to Stevens' method, the seedling wilt phase of Stewart's wilt 
is severe if the average temperature in December, January and February is above 33°F; light 
to severe if the average temperature is between 30 and 33°F; at trace levels if the average 
temperature is from 27 to 30°F; and absent if the average temperature is below 27°F. This 
method has been used for over 50 years to predict the severity of Stewart's wilt, however, 
epidemics of Stewart’s wilt sometimes occur even when the winter temperature index is 
below 27°F. For example, an unusual outbreak of Stewart's wilt occurred in Ontario, Canada 
in 1985 in spite of an average winter temperature of 26°F (1). In such cases, snow may serve 
as insulation which increases the ability of flea beetles to survive in spite of cold 
temperatures. Also, the severity of Stewart's wilt the previous summer may affect the 
proportion of the flea beetle population which is vectoring E. s te w a r tii In years when 
Stewart's wilt is severe, such as 1991, a larger proportion of the flea beetles population 
likely is to be vectoring the bacterium and, therefore, the number of survivors required to 
initiate an epidemic the next year may be less than when Stewart's wilt was not severe the 
previous year. Thus, the winter temperature index gives a general method to predict the 
potential for Stewart's wilt to be damaging, but abundance of inocula in the previous year 
and snow cover are at least two other factors that must be considered.
Erwinia stew artii may survive for several months in seed, manure, soil and old com tissue, 
however, the number of plants that become infected from these sources usually is 
insignificant.
RESISTANCE AND SUSCEPTIBILITY
Resistance and susceptibility are the two extremes of a continuum that is measured by the 
ability of the host to reduce the growth, reproduction or disease-producing abilities of a 
pathogen. Resistance to E. stew artii is the most efficient control for Stewart's wilt. Many 
sweet com hybrids are resistant or moderately resistant to E. s tew a r tii but susceptible and 
moderately susceptible hybrids are grown frequently because of favorable horticultural and 
agronomic qualities. Thus, it is necessary to know the resistance or susceptibility of a 
hybrid in order to determine the potential for Stewart's wilt to reach damaging levels.
From 1984 to 1991, nearly 650 commercial sweet com hybrids have been evaluated for 
reactions to E, stew artii as part of a sweet com hybrid disease nursery at the University of 
Illinois (10). Each year, hybrids were grown in single rows about 12 feet long and 30 inches 
apart with approximately 16 plants per row. In all years, rows of hybrids were replicated
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three times. Plants were inoculated at the 3- to 5-leaf stage with E. stew artii in order to 
assure that all hybrids were being evaluated under equal levels of inoculum. Stewart’s wilt 
was rated (Figure 1) at least twice in each year about two weeks after inoculation (seedling 
ratings) and about six weeks after inoculation (pollination ratings). Hybrid reactions were 
classified as resistant (R), moderately resistant (MR), moderate (M), moderately susceptible 
(MS) or susceptible (S) based on various statistical procedures. While this type of 
categorization produced statistically "overlapping" groups, it was useful for disease 
management because it identified the potential for Stewart's wilt to reach various levels of 
severity on particular hybrids. Results of these trials and reactions of specific sweet com 
hybrids to Stewart’s wilt are available from several sources (2,3,4,5,6,7,8,9,10). Four 
hybrids. Honey n Frost (R), Florida Staysweet (MR), Phenomenal (MS), and Jubilee (S) were 
included in all years as "standards" in order to compare results between years. As a group, 
early-maturing hybrids were more susceptible to E. stew a rtii than late-maturing hybrids, 
however, resistant and susceptible hybrids were identified in all maturity classes (11). Thus, 
the reaction of each particular hybrid should be identified rather than based on general 
reactions of hybrids with similar maturities.
REDUCTIONS IN YIELD, RESISTANCE, AND GROWTH STAGE OF PLANTS AT THE TIME OF 
INFECTION
The severity of Stewart’s wilt and its effect on yield of sweet com depend on the level of host 
resistance and on the host growth stage at which plants are infected. When plants were 
inoculated at about the 5-leaf stage in the hybrid disease nursery (10), reductions in yield 
varied between hybrids in the R, MR, MS, and S categories (Table 1). Yield of R hybrids was 
within 4 percent of non-inoculated controls. Yield of MR hybrids was about 4 to 15 percent 
less than controls. Yield of MS hybrids was about 8 to 25 percent less than controls. 
Reductions in yield of most of the S hybrids was greater than 40 percent.
The effects of host resistance and time of infection on the development of Stewart’s wilt was 
determined more precisely in experiments done at the University of Illinois (12). Four 
hybrids were selected as representative of each category: Miracle (R), Gold Cup (MR), 
Honeycomb (MS) and Jubilee (S). Plants of each hybrid were inoculated at the 3- to 5-leaf, 5- 
to 7-leaf, or 7- to 9-leaf stages and were compared to non-inoculated controls. Yield was 
measured as ear weight and number of marketable ears. Yield loss differed with levels of 
resistance and time of infection (Table 2). Yield of the R hybrid was not affected. Yield of 
the MR hybrid inoculated at the 3- to 5-leaf stage was reduced from 0-30 percent.
Inoculation of the MR hybrid beyond the 5-leaf stage had no effect on yield. Yield of the MS 
hybrid was reduced about 10 to 40 percent by inoculation at the 3- to 5-leaf stage, and about 
10 percent in one year by inoculation at the 5- to 7-leaf stage. Yield of the S hybrid was 
reduced 40 to 100 percent by inoculation at the 3- to 5-leaf stage, 15 to 35 percent by 
inoculation at the 5- to 7-leaf stage and about 3 to 10 percent by inoculation at the 7- to 9- 
leaf stage. Thus, there appears to be a "trade-off1 between time of infection and level of 
resistance. For example, comparable responses might be expected from a susceptible hybrid 
infected at the 5- to 7-leaf stage and a moderately susceptible hybrid infected at the 3- to 5- 
leaf stage. From regression analyses (Figure 2), a damage threshold was observed at about 
40 percent severity which corresponded to a rating of about 6. Thus, systemic infection was 
required in order for Stewart's wilt to affect yield of sweet com. Systemic infection rarely 
occurs for sweet com hybrids which have been classified R or MR.
SUMMARY
In order to manage Stewart's wilt, pre-plant decisions should be made. If the winter was 
mild and Stewart's wilt was severe the previous year, com flea beetles probably will be 
abundant and a substantial proportion of the population will vector E. s te w a r tii Under 
these conditions, resistant hybrids will be the most efficient method to prevent reductions 
in yield due to this disease. If the winter was extremely cold and Stewart's wilt was not 
severe the previous year, it is not likely that Stewart's wilt will reach damaging levels and 
susceptible hybrids can be grown. If winter temperatures and the severity of Stewart’s wilt
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the previous year were Intermediate, growing resistant hybrids is less risky than growing 
susceptible hybrids especially for crops planted late in the season.
Use of insecticides to control flea beetles and Stewart's wilt in sweet com have had varied 
success in the past 2-3 years probably due to exceptionally large populations of flea beetles 
and extremely susceptible hybrids. Insecticide suggestions can be found in the "Insect Pest 
Management Guide for Commercial Vegetable Crops" (Circular 897). Based on yield loss 
studies, the objectives of insecticidal control differ among R, MR, MS and S hybrids. 
Insecticides are not needed on R hybrids. The objectives of insecticidal control are to 
prevent infection prior to the 5-leaf stage for MR hybrids, prior to the 7-leaf stage for MS 
hybrids and prior to the 9-leaf stage for S hybrids.
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Figure 1. Rating scale for evaluating Stewart’s bacterial wilt. Ratings below 4 are for "non- 
systemic" infection when symptoms of the disease are observed only on 
inoculated leaves. Ratings above 4 are for systemic infection when symptoms 
occur throughout the plant.
15- 25% 25 - 50% 5 0 - 75%  75 - 90%
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Figure 2. Relationship between percentage maximum ear weight and severity of Stewart's 
wilt on susceptible sweet com hybrids. Control treatments (•) were not 
inoculated. Other treatments were inoculated at the 3-5 (A), 5-7 (o), or 7-9 (A) leaf 
stages. A threshold of about 40-50% severity corresponded to ratings of about 5-6 
(see Figure 1). Thus, systemic infection was required in order for Stewart’s wilt to 
affect yield.
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Table 1. Yield reductions (%) of sweet com hybrids with various levels of resistance or 
susceptibility to Stewart's bacterial wilt
Classa Yield loss*5 
(% of control)
Resistant 0-4%
Moderately resistant 4-15%
Moderately susceptible 8-25%
Susceptible 14-80%
a Class based on reactions of hybrids in the Illinois sweet com hybrid disease nurseries 
from 1984-1986 (8).
k Yield loss determined from yield in inoculated plots, as a percentage of yield in plots with 
no disease. Plants were inoculated at the 3-5 leaf stage.
Table 2. Effects of resistance and plant growth stage on yield losses due to Stewart’s 
bacterial wilt
Yield loss (%)
Growth stage at which plants were inoculated 
Hybrid reaction 3-5 leaf 5-7 leaf 7-9 leaf
Resistant (R)
Moderately resistant (MR) 
Moderately susceptible (MS) 
Susceptible (S)
0% 0% 0%
0-30% 0% 0%
10-40% 0-10% 0%
40-100% 15-35% 3-10%
Data from Suparyono and Pataky (12).
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Control of Voles in No-Till Corn
R. Hines, W. Bonwell, S. Ebelhar, and K. Steffey
The prairie vole, Mtcrotus ochragaster, is the primary rodent that reduces no-till crop plant 
stands in southern Illinois. Because it requires a full canopy cover for protection from 
predators, established grass or legume sod fields and field borders (including wheat or rye 
stubble, set-aside and cover crop seedings) provide an ideal habitat for the development of 
very high populations of this rodent. In fields that have had the vegetative cover 
maintained for more than one year prior to planting no-till com, plant stand reductions 
can reach 80 to 100 percent in intense (more than 30 per acre) vole populated areas.
An understanding of the prairie vole's habits, life cycle, habitat preferences and identifiable 
characteristics is essential before we can design damage prevention measures for no-till 
com.
The mature prairie vole is reddish brown to gray in color. It is larger than a house or field 
mouse but smaller than a rat. Its ears are very small. Its torpedo-shaped body is about four 
to five inches long. The tail is one and one-half times longer than its hind foot.
Large populations within fields can develop very rapidly. In ideal conditions, the vole's 
annual reproductive period is from March through October. Litters of three to eight voles 
can be produced about eveiy 21 days. The females mature in 35 to 40 days and start raising 
litters of their own. Changes in populations from March to planting time in early May can 
be dramatic.
The actual number of litters and the litter size that produced are closely associated with the 
amount of food that is available and the population pressure (competition) for that food. 
Lush vegetation in the early spring and fall usually encourages rapid reproduction.
The average life span of a prairie vole is about 2 to 16 months. However, the mortality of 
some litters may be as high as 80 percent during the first month if the food supply is short 
and predators are abundant. Vole populations usually peak every two years or so.
Prairie voles are active feeders during the day and night all year long. They do not 
hibernate. Their favorite habitat is the dry ridge area of a field with rolling hills that has a 
closed canopy of lush vegetation. At such locations, the voles will build a network of one to 
two inch wide runways above ground but under the vegetative canopy. These runways 
connect to shallow, mounded underground colonies (burrows). When they are actively in 
use, these mounded colonies usually represent the home of at least one pair of adult voles 
and their young. One colony can represent the home of many adults.
The feeding range of an active vole colony can be as limited as 10 to 15 feet from the active 
burrow if the food supply is abundant. However, the average feeding range of a colony is 
usually about one-fourth of an acre.
The favorite food of a prairie vole is probably high protein succulent legumes or grasses. 
Established stands of alfalfa, clovers and other legumes usually develop the highest vole 
populations. Undisturbed established grass sod in the spring and fall also provides ideal 
food and habitat. Feed grains like com and wheat will be eaten if present, particularly if
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competition for other existing food is high. Seeds, underground tubers, insects and some 
animal remains also are used for food if needed.
Damage in no-till field com usually occurs during the first 21 days after planting. The 
prairie vole will burrow or dig into the planter slot to eat the germinating seeds and small 
seedlings. After the com kernel decays or when the plant reaches 8 to 10 inches in height, 
the feeding damage usually stops.
SCOUTING
Scouting fields and field borders to identify the prairie vole population at least 30 days 
prior to planting no-till com is the first step to prevent losses by the rodent. This should be 
accomplished usually in mid to late March.
Look for active vole colonies and runways while scouting. Start scouting in field areas with 
good drainage and soil aeration. The dark green, high spots in a grass area usually signify a 
colony. Urine and feces deposited close to the burrow opening usually give the vegetation a 
dark green color. If a colony is found, inspect the opening to determine if it is in use. The 
presence of fresh clippings and/or fresh feces next to a slick, open hole is a sure sign of 
activity.
If at least five active vole colonies per acre are identified, damage prevention measures 
should be planned. This guide is based on the reproductive potential of the prairie vole and 
the population per acre required at planting to signal the presence of an intense vole 
population.
VOLE DAMAGE PREVENTION
P reda tors
Natural predators of voles include snakes, owls, coyotes and foxes. Reliance on natural 
predators for control of large populations of voles has not been found to be very successful. 
Although natural predators help reduce the population, other control measures will be 
required if intense vole populations exist on the proposed planting site.
T oxican ts
In the fall of 1989 .Environmental Protection Agency (USEPA) the U.S. withdrew the label 
clearance for the use of zinc phosphide treated bait on field com for rodent control. Because 
this was the only labeled toxicant for that use, there are no labeled products currently 
available.
Research completed at the Dixon Springs Agricultural Center (DSAC) in the early 1970s 
proved that zinc phosphide treated bait was very effective at preventing vole damage when 
the bait was applied in the furrow, even in the presence of an intense vole population (Table 
1). However, there is no current label clearance for that use. Other uses of zinc phosphide 
treated baits in orchards and non-cropland areas are still labeled.
R epellen ts
Methiocarb (Mesurol) was investigated as a possible repellent for voles in field com at in the 
early 1970s (Table 1). Although it was shown to be as effective as the zinc phosphide bait, 
the product was never labeled for that use. As of December of 1989, the label for the use of 
Mesurol on field com as a bird repellent was withdrawn by the company. Through
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conversations with two of the product manufacturers, we learned that there are no plans to 
develop a label for its use.
Other repellents have been advocated from time to time. However, at present there are no 
other repellents labeled to control voles in field com.
A lternative Feeding
The first 21 days after planting is the most critical time to prevent vole damage in a no-till 
com field. Thus, if alternative feeding is to be effective, it must be:
• As attractive to the vole as the seed com;
• Applied prior to planting in order to let the voles become attracted to it before they 
find the seed com in the furrow;
• Applied in a sufficient amount to feed the vole population for at least 21 days;
• Applied evenly across the vole population areas of the field.
Feed grains such as shelled or cracked com, wheat and oats are all possible alternative 
baits. The common recommendation in previous years had been to broadcast up to six 
bushels of shelled com per acre. However, limited statistical data support this 
recommendation's effectiveness. Additionally, some farmers have complained of 
subsequent volunteer com that reduced their hybrid's performance when whole kernel 
shelled com was used.
In 1990, research was conducted at DSAC to investigate the use of cracked com as an 
alternative bait to prevent prairie vole damage to no-till com planted into established 
stands of legumes and grasses (Tables 2 and 3).
Shelled com that had gone through a roller mill (a grinder-mixer with the screen removed 
also would work) was placed in a four-ton, double-fan, dry fertilizer spreader for 
application. The buggy was calibrated to apply 2 and 4 bushels per acre on a 40-feet wide 
swath. (The test weight of the cracked com was multiplied by 0.8 in order to determine the 
pounds per cubic foot setting for use with the bait.) The bait treatments were applied one 
day before planting. Both trials were planted at 26,000 seeds per acre in 30-inch rows. 
Lorsban 15G soil insecticide at 8.7 pounds per acre was applied in the furrow at planting.
All seed was treated in the hopper with Agrox DL Plus. The preemerge (PRE) pesticide 
treatment was applied immediately after planting to both trials. It consisted of Atrazine 4L 
at 2 qt/a; Dual 8E at 1 qt/a; Roundup 3AS at 1 qt/a; 2,4-D LV ester at 1 pt/a; 28 percent UAN 
at 1 qt/a; and Ambush 2E at 6.4 oz/a.
As a result of trapping done in the trial areas, vole populations in both of the 1990 trials 
were estimated to be more than 100 voles per acre.
Although the four bushels per acre rate of cracked com gave respectable yields, we were not 
able to keep seed damage below 40 percent.
The intense prairie vole population caused almost 90 percent stand reduction in the "no 
bait" treatments in each trial. Almost 70 percent damage was observed when only 2 bushels 
per acre of cracked com were applied.
In 1991, this study was expanded to include 6 bushels of cracked com, 2 bushels of winter 
wheat, a conventional tillage treatment and an early preplant (EPP) herbicide treatment. 
The pesticide treatments, seeding rate and other procedures remained the same as were used
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Based on active vole colony counts taken in March in the 1991 trial area, the estimated 
average prairie vole population at planting was about 50 voles per acre. This was 
considerably lower than the population encountered in the trial area in 1990.
Even with the lower vole counts, a 40 percent damage was sustained in the no-till PRE 
treatment that received "no bait" (Table 4). All of the other no-till PRE treatments that 
received grain baits had less than 20 percent damage. The 4 bushels of cracked com per acre 
had less than 5 percent damage. There was no statistical difference between the "2 bushels 
per acre" treatments of cracked com or winter wheat.
This information indicates that alternative baits can be very effective when they are used to 
prevent prairie vole damage. However, good scouting of the prairie vole population is needed 
to determine the amount of alternative bait that needs to be applied. The 4 bushels per acre 
treatment was sufficient in the 1991 trial. However, that treatment sustained 40 percent 
damage in 1990 when the vole pressure was very intense.
Whole kernel com was not used in these trials. No statistics are currently available on the 
potential effectiveness of its use. This needs to be investigated in the future.
USE WEED SEED FREE BAIT!!! Speaking from personal experience, it is not wise to use 
shelled com from the bin if noxious weed seeds such as shattercane and Johnsongrass are 
present. All you do is reseed them on your fields. Small grain seed from the bin is probably 
safer than com because you are much less likely to find it contaminated with noxious seeds.
Cultural Control
Destroying the prairie vole's colony, cover and food supply by clean tilling or plowing before 
planting is a very effective way to control vole damage. Voles will not stay where they do 
not have food or cover. This practice, however, has several disadvantages on highly erodible 
land and droughty soils. Some disadvantages include:
• The benefits of erosion control are lost;
• The benefits of moisture conservation through mulch cover are lost;
• In sod, the natural allelopathic release from decaying sod may give reduced stands 
in conventional tillage;
• The cost of tillage increases the cost of production.
In the 1991 trial at DSAC (Table 4), the conventional tillage treatment with no bait had 25 
percent damage. This damage was not due to voles. Spot inspection of the unemerged 
sprouts two weeks after planting indicated that they had decayed before they could emerge. 
Although not confirmed by laboratory analysis, this was typical of an allelopathic reaction 
from sod decay. The sod had been moldboard plowed less than one day prior to planting.
The lack of vole damage in the conventional tillage treatment of the 1991 trial helps 
confirm that clean tillage is an effective vole control option. However, in most cases this 
option should not be used on highly erodible land if other effective control options can be 
utilized.
in  the 1990 tria ls  (Tables 2 and  3). The field site w as a tall fescue/sm ooth  brom egrass
m ixture th a t had  been established for several years.
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H abita t M odification W ithout Tillaae
Prairie voles basically live where they have adequate cover from predators and a sufficient 
supply of food. Changing the amount of cover or food that is available can be an effective 
way to control the vole population at a particular location. However, you must recognize 
that habitat modification does not reduce the vole population. It simply forces it to move. 
This type of vole control used in the spring next to a developing small grain field or legume 
seeding could encourage serious damage to those crops. Good management and good 
planning are the keys to safe and effective use of this control option.
In the 1975 trial at DSAC (Table 1), removing hay as a means of habitat modification was 
successfully used for vole damage control. The hay was removed just prior to planting the 
com on the same day. No vole damage occurred to the planted com where the hay had been 
removed. A 16.4 percent damage level was found where the vegetation was not harvested 
before planting.
With hay removal, the potential for an increase in soil erosion and the loss of moisture 
conserving mulch occurs. However, if the hay is not needed, hay removal before planting 
no-till can be used as an effective and productive control for voles.
Another habitat modification technique that seems to be very effective is using early 
preplant (EPP) sprays to kill the vegetative cover about one month prior to planting no-till 
com. This process removes the food supply of the voles for an adequate period of time to 
allow vole migration to another food supply area. The 1991 trial at DSAC included the use 
of an EPP treatment (Table 4). This treatment produced the highest plant population of any 
of the treatments in the study. Only the 4 bushels of cracked com per acre treatment 
produced comparable plant stands. The yield of the EPP treatment was also worth noting.
It was statistically comparable to the highest yielding treatment in the trial. Because the 
vegetative cover on the EPP treatment was killed one month earlier than the PRE 
treatments, there was more subsoil moisture left in the soil for use during the growing 
season. Even with the statistically significant higher plant stand than in the lower 
population PRE treatments, the EPP treatment was able to yield comparably in a drought 
year.
One other advantage of using EPP sprays is the potential to reduce the total quantity (if 
applied early enough, no "bum-down" herbicide is needed) of products used to control the 
vegetation. This also can result in a reduction of the total herbicide cost. NOTE: In the 
1991 DSAC trial, the EPP and PRE pesticide treatments were composed of the same products 
at the same rates as applied in the 1990 trial in order to prevent herbicide treatments from 
causing potential additional error in the treatment comparisons. The EPP spray was 
applied on April 3. The PRE sprays were applied on May 8. Both sprays provided excellent 
full season weed control. Consult your county extension specialist for a list of EPP 
treatments that work well in your area.
Low mowing is another "habitat modification" technique that can be effective. Keeping the 
field borders clipped low enough to discourage vole movement into your growing crop may 
pay big dividends. Low mowing of the vegetation on the fields in the late fall also is 
effective. This reduces the voles' cover and encourages predators to thin the vole population 
during the winter. When this practice is combined with EPP sprays, no other vole control 
should be required.
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SUMMARY
Of all the techniques currently available for prairie vole control in no-till com, utilizing a 
combination of the "habitat modification" techniques may cost the least, and may be the 
most effective, easiest to complete and safest on the environment. Using alternative baits, 
such as cracked com or wheat also can be effective.
The best control prescription may be as follows:
• Mow fields low in late fall if they are to be planted next spring;
• Check fields in late March for active vole colonies in order to determine the 
population potential;
• If more than five active colonies per acre are found in late March, plan a control 
prevention program;
• If no-till, early preplant (EPP) herbicides are to be used, apply them about 30 days 
before planting;
• Scout again for active vole colonies about one week before planting. If few are 
found, plant when you are ready. If more than five colonies per acre are still 
active, plant to apply an alternative bait;
• Apply the bait mixed with dry fertilizer (this saves a trip across the field) within 
two days prior to planting. Make sure the vegetation is dry when the bait is spread, 
so it can fall to the ground;
• NOTE: BE SURE TO USE 'WEED FREE" BAIT!!!
• Plant the field.
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Table 1. Vole damage as affected by treatments in no-till com at DSACa (Beasley and 
McKibben 1975)
Treatment
____1973____ 1974 ____ 1975____
Damage
(%)
Yield
(bu/A)
Damage Yield 
(%) (bu/A)
Damage
(%)
Yield
(bu/A)
1) Control (no treatment) 56.7 _b 31.6 82.7 25.3 104.59
Zinc phosphide
2) Broadcast 33.2 _b 16.9 91.9 — —
3) In row 15.7 _b 4.4 114.9 0.4 122.20
Mesurol seed treaters (Chemagro)
4) Slurry, 0.67 lb /100 lb seed 18.7 _D 2.8 110.3 0.0 117.40
5) HBC, 0.50 lb /100 lb seed — — - - 5.3 119.43
6) HB, 0.25 lb /100 lb seed - - -- — 8.5 119.53
Mesurol seed treater (Hopkins)
7) HB treaters at 8 oz/bu (37.2 lb) — — — 0.5 119.04
Hay removal trial
8) Fescue/orchardgrass remaining — _ _ 16.4 104.91
9) Removed 0.0 119.53
a Mouse damage calculated as percent of population of seed planted, 
b Data not recorded. 
c HB = hopper box.
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Table 2. Prairie vole response to broadcast cracked com  in three year old mixed
alfalfa/red  clover sod planted to no-till com  at DSAC in 1990 using preemerge
herbicides
Treatment rate Yield
(bu/A)
Plant
stand
(plants/A)
Damage3
(%)
Bait
cost*3
($/A)
Gross
return0
($/A)
Bait 
use net
return^ 
($/A)
No cracked com 29.3 2323 91.1 67.39
2 bu/A 85.2 8422 67.7 5.00 195.96 123.57
4 bu/A 152,2 16359 37.3 10.00 350.06 272.67
L.S.Dq.05 28.6 3301
a Damage is calculated as a percent of the 26,000 seeds per acre that were planted, 
b The cost of the cracked com used for bait was $2.50 per bushel. 
c The "Gross returns" were figured by multiplying the treatment yield by $2.30 
per bushel (the local market price on the day of harvest), 
d The "Bait use net return" was figured by subtracting the cost of the bait and 
the "Gross return" ($67.39) for the "no bait" treatment from the gross returns 
for the baited treatment.
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Table 3. Prairie vole response to broadcast cracked com in a 7-year old mixed tall
fescue/smooth bromegrass sod planted to no-till com using preemerge herbicides at 
DSAC in 1990
Treatment rate Yield
(bu/A)
Plant
stand
(plant/A)
Damagea
(%)
Bait
cost*3
($/A)
Gross
return0
($/A)
Bait 
use net 
return^ 
($/A)
No cracked com 25.5 3098 88.1 58.65
2 bu/A 63.8 7018 73.1 5.00 146.74 83.09
4 bu/A 136.3 15101 41.9 10.00 313.49 244.84
L.S.D.o.05 26.5 3281
a Damage is calculated as a percent of the 26,00 seeds per acre that were planted, 
k The cost of the cracked com used for bait was $2.50 per bushel.
c The "Gross returns" were figured by multiplying the treatment yield by $2.30 per bushel 
(the local market price on the day of harvest), 
d The "Bait use net return" was figured by subtracting the cost of the bait and the "Gross 
return" ($67.39) for the "no bait" treatment from the gross returns for the baited treatment.
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Table 4. Prairie vole response to non-pesticide baits and different cultural practices in a 10- 
year old mixed tall fescue/smooth bromegrass sod planted to no-till com in 1991
Treatment rate
Plant 
stand 
(plants/A)
Damage3
(%)
Yieldb
(bu/A)
No-till early preplant herbicides 
+ No bait 25,652 1.3 115.00
No-till preemerge herbicides
+ 4 bu/A of cracked com 25,604 1.5 90.11
No-till preemerge herbicides
+ 6 bu/A of cracked com 23,184 10.8 93.47
No-till preemerge herbicides
+ 2 bu/A of cracked com 22,942 11.8 124.76
No-till preemerge herbicides
+ 2 bu/A of soft red winter wheat 21,780 16.2 118.41
Conventional tillage preemerge herbicides 
+ No bait 19,505 25.0 110.66
No-till preemerge herbicides 
+ No bait (Check) 15.730 39.5 104.20
L.S.D.o.05 2,259 18.83
a Damage is calculated as a percent of the 26,000 seeds per acre that were planted. 
b Yield was not affected by vole damage as much as it was by diy weather in 1991. The trial 
area only received 32 percent of the average annual precipitation in June, July and August 
(3.73 inches vs. 11.55 inches). The best indication of treatment effectiveness and yield 
potential is the "Plant stand" column in an average year.
NOTE: Data in the same column followed by the same letter are not significantly different 
at the 0.05 level.
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Bioeconomic Systems for Corn Production
P. Westra
Com producers in North America encounter weed pressure in their com fields on an annual 
basis. Failure to adequately address these weed problems can result in significantly reduced 
com yields and increased weed problems in future years. Many com producers practice 
risk-avoidance weed control by utilizing soil applied herbicides as well as post emergence 
herbicides to control most weeds in com. Mechanical tillage and cultural practices such as 
crop rotation supplement chemical weed control for most farmers. Suffice it to say that 
weed control in com requires constant vigilance and annual control measures.
What is less intuitively obvious is the exact level of chemical or non-chemical weed control 
that is appropriate for a given com field. Lacking precise information concerning the weed 
seed bank, or the anticipated environmental conditions which can influence weed pressure 
in a field, most farmers practice some form of prophylactic weed control in anticipation of 
a significant weed problem. Such prophylactic control measures may not always be 
necessary and may in fact contribute to unnecessary use of herbicides which may adversely 
affect the environment or groundwater.
Knowledge of weed seed bank levels and soil characteristics can be significant factors in 
making herbicide use decisions with a Computer Bioeconomic Model for weed management 
in com. Computer weed management models can tie together very large data bases which 
quantify the control of weeds by species for a wide range of herbicides. Furthermore, input 
values of expected com yield, expected selling price, and variable input costs can be tied to 
biological control data to make decisions about the most cost-effective weed control 
strategies for a particular com field. Soil seed banks may need to be evaluated every 3-5 
years, and precise data is lacking on the percentage of seed germination for many weed 
species. In general, it is assumed that in a given year less than 10 percent of the total soil 
weed seed bank will germinate.
A computer bioeconomic model has been developed and tested by Dr. Ed Schweizer of the 
USDA-ARS, Dr. Don Lybecker of Colorado State University, Dr. Rob King of the University 
of Minnesota, and myself. In field tests over 3 years (1989 - 1991) with nearly 40 farmers in 
4 eastern Colorado counties, the computer model has outperformed standard farmer weed 
control practices nearly 70 percent of the time. Input costs are lower, herbicide use is 
reduced an average of 12 percent, and net return per acre is higher for the computer model 
than for the farmers 70 percent of the time. For example, when fall soil samples show that 
the soil seed bank is less than 30 million combined weed seeds per acre, the computer model 
does not call for a soil applied herbicide.
Future computer modeling efforts will include weed control models for different crops and 
will allow the integration of weed control models into expert system models where insect, 
disease, water, and fertility management can be handled by computer models.
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Machinery and Chemical Costs for Crop 
Production Alternatives
J. Siemens
A crop production system is defined as the sequence of all field operations involved in 
producing a crop. The system includes operations for tillage, planting, harvesting, chopping 
or shredding of residue and application of pesticides and fertilizers. Machines are available 
to put together almost any imaginable combination of field operations to make up a system 
and the system selected influences virtually eveiy aspect of crop production. On a broad 
basis the major aspects that may be affected are crop yield, costs for machinery and 
pesticides and soil erosion. The purposes of this paper are to discuss the factors that must 
be considered when determining or selecting the optimum machinery set for a farm and to 
present examples of the machinery-related costs for machines and pesticides applicable to 
central Illinois.
MACHINERY-RELATED COSTS
Machinery-related costs for corn-soybean farms in Illinois typically range between $50 and 
$70 per acre per year and usually overshadow all other commonly used crop production cost 
categories, except land. An oversized machinery set (more equipment than necessary) 
means extra machinery expense. On the other hand, undersized or less equipment than 
necessary means critical operations are not completed in a timely manner which results in 
decreased yields or quality of the crops produced and increased labor costs. To maximize 
profits, the goal is own or operate the "optimum" or least cost machinery inventory to 
perform the desired field operations with consideration of all costs related to machinery.
For a given size farm and production system, the costs related to a specific set of machinery 
used on that farm are the costs for machinery, labor to operate the machinery and 
timeliness. Timeliness cost is the "cost" which occurs when an operation takes place too 
early or too late which results in a decrease in crop yield or value.
For a given farm and a list of desired field operations, numerous machinery sets could be 
used. For each machinery set, the annual use of each machine and the fixed and variable 
costs can be estimated. These costs increase as the productivity (size) or number of 
machines are increased. Hourly labor costs for operating machinery decrease as machine 
productivity increases. Timeliness costs are large when the productivity of the machines is 
too small and decrease as machinery sizes and productivity increase. The total machinery- 
related cost is the sum of the machinery fixed and variable costs and any applicable labor 
and timeliness costs. The optimum, or least-cost, machinery set is the one which results in 
the lowest total machinery-related cost.
Because of the many variables and calculations involved, the optimum machinery set and 
the related costs can be very tedious and time consuming to determine. A computerized 
farm machinery selection program was developed to assist with determining the optimum 
set of machinery and the related costs for various farm sizes, crops and crop rotations and 
production systems (Siemens, et al. 1990). The program was used in generating the example 
information for this paper.
A FARM MACHINERY SELECTION AND MANAGEMENT PROGRAM
The program requires the field operations for the crops to be grown with corresponding 
work hours and areas to be covered and the availability and cost of labor. The program
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schedules the operations, and calculates and compares the costs of different machinery sets 
using typical productivity values and workday probability data for the farm location. The 
costs include those for machinery, labor and timeliness. The least cost, or optimum, 
machinery set is determined using an optimization procedure.
The program was used to select machinery the optimum machinery set and related costs for 
six production systems for producing com and soybeans in central Illinois. For each 
system a 1,000-acre farm was assumed with a com-soybean crop rotation. The field 
operations for the six systems were assumed to be as follows (also summarized in Table 1).
C hisel/M oldboard  Plow
After harvesting soybeans, the field operations were to apply phosphorus and potassium as 
dry fertilizer, apply anhydrous ammonia and chisel plow. In the spring, the operations 
were to apply herbicides and disk in one operation, field cultivate, plant com, and row 
cultivate. After harvesting com the stalks were moldboard plowed in the fall. In the spring 
the operations were to apply herbicides and disk in one operation, field cultivate, plant or 
drill soybeans and row cultivate.
D isk  /C h ise l
The operations were the same as the Chisel/Moldboard Plow system except the soybean 
ground was not tilled in the fall and the com ground was chisel plowed instead of being 
moldboard plowed.
D is k /D is k
The operations were the same as the Disk/Chisel system except the chisel plow operation 
was deleted.
N o -T ill/C h ise l
After harvesting soybeans, the operations were to apply phosphorus and potassium and 
anhydrous ammonia. In the spring, the operations were to plant com with no-tillage and 
spray herbicides. After com harvest, the operations were to chisel plow in the fall. In the 
spring, the operations were to apply herbicides and disk in one operation, field cultivate, 
plant or drill soybeans and row cultivate.
N o -T ill/N o -T ill
After harvesting soybeans, the operations were to apply phosphorus and potassium and 
anhydrous ammonia. In the spring, the operations were plant com with no-tillage and 
spray herbicides. After harvesting com in the fall, the operations were to plant or drill 
soybeans no-till in the spring and spray herbicides, once before and twice after planting or 
drilling.
R idae-T ill/R idae-T ill
After harvesting soybeans, fall operations were to apply phosphorus and potassium and 
anhydrous ammonia. In the spring, the operations were to plant com with herbicide 
application and row cultivate twice. After harvesting com, no operations were assumed 
until soybeans were planted directly on the ridges in the spring, followed by a broadcast 
herbicide application and two row cultivations.
OPTIMUM MACHINERY INVENTORY FOR SIX CROP PRODUCTION SYSTEMS
The optimum machinery inventory was determined for the six production systems using the 
machineiy selection program. Workday probability data was used for central Illinois and
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represents the fraction of the time which field work can be expected to be feasible at least 5 
of 6 years (83.3% of time). Machinery was assumed to be operated ten hours per day. The 
optimum machinery set is the one resulting in the lowest total cost, including the costs for 
machinery, labor and timeliness. For all systems a machinery set was selected such that 
both com and soybeans were planted and harvested in a timely manner in order that 
timeliness costs were negligible and, therefore, are not included in the cost figures reported.
The optimum machinery inventory determined for a 1,000 acre com-soybean farm for each 
of the six tillage systems described above are listed in Table 2. For the Chisel/Moldboard 
Plow system 180 hp and 80 hp tractors, with matched implements were required for least 
cost. Optimum for the Disk/Chisel and the Disk/Disk systems were 160 hp and 80 hp 
tractors with matched implements. For the No-Till/Chisel system, 100-hp and 80-hp 
tractors and matched implements were optimum. For the No-Till/No-Till and Ridge-Till/ 
Ridge-Till systems, two 80-hp tractors were required. For all the tillage systems evaluated, a 
225-horsepower combine with an 8-row com head and 22-foot grain platform were 
optimum. Whether soybeans were drilled or planted did not affect the size or number of the 
tractors or combines selected.
Several machinery sets other than those mentioned above and in Table 2 exist which result 
in total costs within ten percent of those estimated for the "optimum" machinery sets. For 
example, for the Disk/Chisel system the optimum machinery set was 160-hp and 80-hp 
tractors with matched implements and a 225-hp combine with matched header attachments 
and the total machinery and labor cost was estimated to be $57.30/acre (Table 3A). If 
instead the machinery set consisted of 220-hp and 80-hp tractors with matched implements 
and the same 225-hp combine and header attachments, the total machinery and labor cost 
was estimated to be $60.60/acre.
COSTS FOR MACHINERY PLUS LABOR
For the six tillage systems evaluated for central Illinois, the costs for machinery and labor 
were highest for the Chisel/Moldboard Plow system, $55.40 per acre for machinery and 
$8.15 per acre for labor to operate machinery (Table 3A). The costs for machinery and labor 
did not change significantly between planting soybeans in rows and drilling soybeans 
(Tables 3A and 3B). When switching from planted soybeans to drilled soybeans, a drill must 
be added to the machinery inventory which increases the cost. However, for those systems 
which include row cultivation of soybeans planted in rows, the cost increase is essentially 
offset by less use of the row cultivator and a tractor when soybeans are drilled.
Cost for machinery plus labor decreased as tillage was reduced. From approximately $63.55 
per acre for the Chisel/Moldboard plow system to $42.50 per acre for the No-Till/No-Till 
system with soybeans planted in rows and to $47.08 per acre for the No-Till/No-Till system 
with soybeans drilled. For the No-Till/No-Till systems the machinery cost is higher with 
drilling soybeans because of the extra cost of the no-till drill compared to planting soybeans 
in rows with the same planter used for com.
MACHINERY AND LABOR PLUS HERBICIDE COSTS
As indicated above, the requirements and costs for machinery and labor decrease as tillage 
is reduced. Herbicides are the other major crop input that may be affected by the tillage 
system used.
As tillage is reduced, dependence on herbicides for weed control increases. Many herbicides 
available are for the wide spectrum of weeds that may need to be controlled. In many field 
situations as tillage is reduced, more expensive herbicide combinations and possibly a 
contact herbicide are required to achieve adequate weed control. For any particular tillage 
system the herbicide cost varies depending on the specific herbicides selected which should 
be based on weed species and infestation, soil type, crop and other factors.
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In Table 4 typical costs for com herbicides are added to the machinery and labor costs listed 
in Table 3A. For systems with tillage before planting com herbicide costs were assumed to 
vary from $10 to $15 per acre, with No-Till from $15 to $25 per acre and with Ridge-Till 
from $5 (herbicide banded at planting) to $25 per acre. The total cost for machinery, labor 
and herbicides varies from $73 to $78 per acre for the Chisel/Moldboard Plow system. The 
cost in general tends to decrease as tillage is reduced. The cost was estimated to be $57 to 
$67 per acre for No-Till/No-Till and $56 to $76 per acre for Ridge-Till/Ridge-Till.
In Table 5 typical costs for soybean herbicides are added to the costs for machinery and 
labor listed in Table 3A. For tillage systems with tillage before planting soybeans, the 
herbicide costs were assumed to vary from $14 to $28 per acre and with No-Till from $25 to 
$40 per acre. Thus, the total cost for machinery, labor and herbicides varies for each tillage 
system. The cost difference compared to the Chisel/Moldboard Plow system varies. For 
example, the cost for the Disk/Disk system varies from being $6 per acre more expensive to 
$22 per acre less expensive than the Chisel/Moldboard Plow system.
SUMMARY
Machines are available for almost any imaginable crop production system. Using a Farm 
Machinery Selection Program the optimum machinery sets were selected and the related 
costs computed for six corn-soybean production systems in central Illinois. For each 
system a 1,000-acre farm was assumed. Optimum machinery requirements decreased as 
tillage was reduced. For example, for 1,000 acre corn-soybean farms the optimum 
machinery requirements varied from 180 hp and 80 hp tractors, with matched implements 
for the chisel/moldboard plow system to two 80-hp tractors for the No-till/No-till and the 
Ridge-Till/Ridge Till systems. A 225-hp combine with an 8-row com head and 22-foot grain 
platform were optimum for all the tillage systems evaluated. The cost for machinery and 
labor was highest for the Chisel/Moldboard Plow system, $63.55 per acre, and decreased as 
tillage was reduced to $42.50 per acre for the No-Till/No-Till system. A herbicide cost range 
was assumed for each tillage system with an increase in the herbicide cost range for no­
tillage. Thus, the total cost for machinery, labor and herbicides varied for each tillage 
system depending on the herbicides used.
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Table 1. Field operations for various production system s for a corn-soybean farm  in central Illinois
................... -.......................... -................ Production System .........................................................
After soybeans Chisel Disk Disk No-Till No-Till Ridge-Till
After com MB Plow Chisel Disk Chisel No-Till Ridge-Till
FALL
Harvest S C s c
Apply P&K * *
Apply NH3 * *
MB Plow *
Chisel Plow * *
SPRING
Herb. & Disk * ♦ * *
Field Cult. * * * *
Plant C s c s
Spray
Row Cult. * * * *
S=Soybeans, C=Com
s c s c s c s c
* * * *
* * * *
*
* * *
* * *
c s c s c s c s
* * *** *
* * * ** **
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Table 2. Optim um  machinery inventory for various production system s for a 1,OOO-acre corn-soybean farm  in central Illinois
................................................................. Production System .........................................................
After soybeans Chisel Disk Disk No-Till No-Till Ridge-Till
After com MB Plow Chisel Disk Chisel No-Till Ridge-Till
HP
Tractors 180 & 80 160 & 80 160 & 80 100 & 80 80 & 80 80 & 80
Combine 225 225 225 225 225 225
- Width, ft ---------
Moldboard Plow 10.5
Chisel Plow 13 13 10
Disk 29 26 26 15
Field Cultivator 33 29 29 18
Sprayer 42 42 42
Planter 20 20 20 20 20 20
Row Cultivator 20 20 20 20 20
Com Head 20 20 20 20 20 20
Grain Head 22 22 22 22 22 22
Assumed field operations are listed in Table 1.
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Table 3A. Machinery and labor costs for various production system s for a 1000-acre corn-soybean farm with com  and
soybeans planted in central Illinois
.................... -.........-..............-....... —......Production System .................. ...... ................................
After soybeans Chisel Disk Disk No-Till No-Till Ridge-Till
After com MB Plow Chisel Disk Chisel No-Till Ridge-Till
Dollars per Acre
Machinery 55.40 49.90 47.70 44.40 37.40 44.12
Labora_ 8.15 7.40 6.80 7.30 5.10 7.26
Total 63.55 57.30 54.50 51.70 42.50 51.38
Difference 0 6.25 9.05 11.85 21.05 12.17
a Labor cost assum ed at $8.50 per hour.
Assumed field operations and m achinery inventory are listed in  Tables 1 and 2.
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Table 3B. Machinery and labor costs for various production system s for 1000-acre corn-soybean farm  with com  planted and
soybeans drilled in central Illinois
Production System
After soybeans 
After com
Chisel 
MB Plow
Disk
Chisel
Disk
Disk
No-Till
Chisel
No-Till 
No-Till
-  Dollars per Acre
Machinery 54.85 49.48 47.33 45.53 41.56
Labora 7.63 6.86 6.26 6.82 5.52
Total 62.48 56.00 54.10 50.38 47.08
Difference 0 7.00 9.00 12.00 15.00
a Labor cost assumed at $8.50 per hour.
Assumed field operations and machinery inventory are listed in Tables 1 and 2.
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Table 4. Machinery, labor, and herbicide costs for varies com  production system s on 1000-acre com -soybean farm  in central
Illin o is
.................................................................Production System .........-...... -.......................................
After soybeans Chisel Disk Disk No-Till No-Till Ridge-Till
After com MB Plow Chisel Disk Chisel No-Till Ridge-Till
Machinery 55 50
Labor1 8 7
Com herbicides 10 to 15 10 to 15
Total 73 to 78 67 to 72
Difference 0 1 to 11
.......... Dollars per Acre
48 44 37 44
7 7 5 7
10 to 15 15 to 25 15 to 25 5 to 25
65 to 70 66 to 76 57 to 67 56 to 76
3 to 13 -3 to 12 6 to 21 -3 to 22
1 Labor cost assum ed at $8.50 per hour.
Both com  and soybeans assum ed to be planted in  rows.
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Table 5. Machinery, labor, and herbicide costs for various soybean production system s on 1000-acre corn-soybean farm in
cen tra l Illinois
.................................................................Production System .........................................................
After soybeans Chisel Disk Disk No-Till No-Till Ridge-Till
After com MB Plow Chisel Disk Chisel No-Till Ridge-Till
Machinery 55 50
Labora 8 7
Soybean herb. 14 to 28 14 to 28
Total 77 to 91 71 to 85
Difference 0 -8 to 20
.......... Dollars per Acre —
48 44 37 44
7 7 5 7
14 to 28 14 to 28 25 to 40 7 to 40
69 to 83 65 to 79 67 to 82 58 to 91
-6 to 22 -2 to 26 -5 to 24 -14 to 33
a Labor cost assum ed at $8.50 per hour.
Both com  and soybeans assum ed to be planted in  rows.
Management Practices to Meet 
Conservation Compliance
R. Dickerson
The Food Security Act of 1985 and 1990 requires that all landusers farming Highly Erodible 
Land (HEL), as defined in the Act, have a conservation plan developed for that land by 
January 1, 1990 in order to stay eligible to participate in and receive benefits from federal 
farm programs. The Act also requires that the practices in the plan be applied by December 
31, 1994 and that between 1990 and 1994 the landuser should be actively applying the plan.
The Act states that when the conservation plan is applied, soil erosion from sheet and rill 
erosion and ephemeral gully erosion will be significantly reduced. Sheet and rill erosion, 
the uniform movement or loss of soil from the soil surface, is not easily noticeable until 
soil losses are at about 12 to 15 tons per acre. Ephemeral gully erosion is caused by 
concentrated flow of runoff water. These gullies generally occur in depressional areas and 
are usually easily refilled with normal tillage operations.
Based on the criteria of the Act, there are approximately 5.7 million acres of HEL in 
Illinois. Generally speaking, most soils that have five percent slope or more would be HEL. 
However, some soils with less than five percent may be HEL. About 80 percent of the HEL 
acreage have conservation plans. Of the plans developed, approximately 35-40 percent have 
the needed conservation practices applied and, as such meet the soil loss requirements.
The conservation practices most commonly used in the HEL plans are conservation 
cropping sequence (rotation), conservation tillage, either mulch-till or no-till, and grass 
waterways. Crop rotation and conservation tillage are primarily for control of sheet and rill 
erosion and the waterways for gully control. Many plans also include contouring, and a 
small percentage include terraces.
Adjusting the crop rotation can significantly reduce erosion. The most erosive rotation 
commonly used in Illinois is corn-soybeans. Adding more years of com or including small 
grain in the rotation will reduce soil loss. Meadow crops of grasses and legumes in the 
rotation can greatly influence the effectiveness of a rotation in reducing erosion.
Contouring, or farming around the hills instead of up and down the hill, can reduce soil loss 
anywhere from 20 to 40 percent.
Conservation tillage is defined as any tillage and planting system that leaves 30 percent or 
more crop residue on the soil surface after planting. Mulch tillage, also commonly called 
chisel-disk, leaves 30 percent residue and can reduce soil loss by as much as 40 to 50 percent 
compared to clean tillage. No-till usually leaves 60 percent or more residue cover and can 
reduce erosion 70 to 90 percent. Although 30 percent is considered the minimum to be called 
conservation tillage, any residue left on the soil surface will reduce erosion. Doing primary 
tillage operations in the spring rather than in the fall also can be effective in reducing soil 
loss.
Winter cover crops such as hairy vetch, rye or other small grains can be especially effective 
in reducing erosion on severely eroded soils with low organic matter or where crop yields 
are low and there is insufficient residue produced to meet the requirements of conservation 
tillage. Cover crops work especially well in no-till systems.
Contour stripcropping, although not extensively used in Illinois, is quite effective in 
controlling erosion. With stripcropping, alternate strips of row crops and meadow crops are
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established on the contour. Stripcropping works best for those who have forage consuming 
livestock or who produce hay as a cash crop.
The major cause of sheet and rill erosion is the impact of the raindrop on bare soil. When 
soil particles are broken loose by the raindrop then the runoff water carries them away. It 
should be kept in mind that anything that is done to keep the surface of the soil protected 
from the rain drop (e.g. leaving residue on the soil surface or growing a cover crop) and 
anything that reduces or slows the flow of runoff water during a rain will reduce soil loss by 
erosion. The same applies to both wind and water erosion.
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Herbicides for Burndown
M. DeFelice
Obtaining good weed control in reduced or no-tillage cropping systems is an important 
component of successful conservation tillage crop production. Eliminating heavy tillage 
operations reduces horsepower requirements for farm tractors and reduces the number of 
trips across the field. Surface mulches from crop residues or winter cover crops protect the 
top soil from erosion and maintain a higher soil moisture supply. However, you might need 
to rely more heavily on herbicides for weed control because you cannot till or cultivate.
There are several reduced tillage systems in common use. Chisel-disk or disk-disk systems 
are popular but are the least effective for preventing erosion and surface runoff on highly 
erodible land. One or two passes with a tandem disk prior to planting is a popular method 
of reduced tillage. This controls most emerged weeds prior to planting while retaining some 
of the benefits of conservation tillage by preserving a mulch cover during fall, winter, and 
early spring. Weed control practices in this system are the same as for full tillage systems 
since winter and spring weeds are controlled by tillage, and herbicide incorporation and in­
crop cultivation are still options. However, perennial weed problems are likely to be 
greatest in this system because tillage is not severe enough to control the deep root systems, 
and shallow tillage actually spreads these roots.
Ridge-till and true no-till leave part of the field untilled prior to planting a crop. Ridge-till 
leaves a non-tilled band, while the entire field is not tilled in a no-till field. Herbicides are 
required to control weeds on these no-till areas. However, additional herbicide over that 
used in conventional tillage is not always required for no-till weed control. The addition of 
crop oil concentrate to atrazine in com or crop oil plus Canopy or Preview in soybean are 
examples of how the simple addition of an adjuvant can provide the burndown activity 
required in some situations.
Three distinct 'generations' of weeds emerge within a year in a no-till system. Winter 
annuals germinate in late fall, lie dormant during the winter, and resume growth in early 
spring. Early spring germinating summer annuals emerge in mid-April and are actively 
growing by planting time. Summer annuals usually germinate after planting. All three 
generations of weeds must be controlled with herbicides in a no-till system. This involves 
the use of a bum-down herbicide for weeds that have emerged prior to planting (winter and 
early spring), plus a herbicide program (soil-applied or postemergence) for control of 
summer annual weeds.
One proposed method of controlling winter weeds is to apply an early preplant soil herbicide 
prior to weed emergence. However, we have found that winter weeds are actively growing by 
late March, and the early herbicides are incapable of providing sufficient residual control of 
summer weeds if applied more than 15 days prior to planting in Missouri. Burndown 
herbicides will almost always be required for winter weeds and early spring weeds.
Cover crops are essentially an intentionally grown 'winter weed' used for the valuable 
purpose of providing winter erosion protection on highly erodible land. However, our 
research and other’s has shown that cover crops need to be controlled prior to planting in 
order to prevent the cover crop from competing with the grain crop. Actively growing cover 
crops also dry out the soil in dry years and impede soil drying in wet years. This often 
interferes with crop planting and emergence. We generally recommend that control 
measures for cover crops be implemented one to two weeks prior to planting in order to 
prevent these problems.
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The attached tables list the response of winter weeds, spring weeds, and cover crops to 
labeled bumdown herbicides and combinations for com, grain sorghum, and soybeans. The 
herbicide ratings represent bumdown control only and do not indicate any possible residual 
control. Ratings are based on data collected on herbicide treatments applied preemergence 
(PRE) and up to 15 days prior to planting (EPP15). Data was used from 10 years of research 
in Kentucky, Illinois, and Missouri.
Herbicide rates are given at the bottom of the chart. Bumdown ratings for 2,4-D in 
soybeans are not given since this herbicide is not labeled by EPA for use in soybeans. Weed 
control ratings for summer weed control in no-till are the same as conventional till ratings 
and are given in the conventional till section of the "Weed Control Guide for Missouri Field 
Crops" and in most state weed control guides.
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No-till Com and Grain Sorghum
Guide to weed response to burndown herbicides*
Winter weeds Early spring weeds Cover crops
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2,4-D ester 0 0 9 9 - 8 9 9 9 9 9 0 0 9 9 7 0 0 8 8 9 10 Y
Gramoxone Extra 9 7 9 10 9 7 10 10 6 9 6 8 9 8 8 7 6 6 4 9 8 8 Y
10 8 10 _ 10 9 10 10 9 10 10 8 8 9 9 8 9 9 3 3 5 6 Y
10 10 8 10 9 10 10 10 10 10 7 7 10 10 10 5 6 4 3 4 5 Y
10 10 8 10 _ 10 10 10 10 10 10 8 7 9 10 9 4 3 4 9 5 9 N
atrazine + 2,4-D 10 10 10 10 _ 10 10 10 9 10 10 7 7 10 10 10 5 5 8 9 9 10 Y
Bladex + 2,4-D 10 10 10 10 _ 10 10 10 10 10 10 8 7 10 10 10 4 3 8 9 9 10 N
atrazine + Banvel 10 10 10 10 - 10 10 10 10 10 10 9 7 10 10 10 5 5 7 9 10 10 N
10 10 10 10 10 9 10 10 9 10 10 8 9 10 10 9 10 9 5 7 7 8 Y
10 8 10 10 10 10 10 10 10 10 10 8 9 10 10 10 10 10 4 3 5 6 Y
10 8 10 10 10 9 10 10 10 10 10 9 9 8 9 8 9 9 3 8 8 8 N
10 9 8 10 _ 9 7 10 10 10 10 9 8 10 10 10 6 7 2 4 9 9 N
10 9 10 10 _ 10 10 10 10 10 10 9 8 10 10 10 6 6 8 9 9 10 N
Gramoxone + atrazine + Bladex - 9 10 10 - 10 10 10 10 10 10 9 9 10 10 10 9 8 4 4
7 6 N
Weed Control: 8 to 10 = Good 6 to 7 = Fair**** Less than 6 = Poor - = No data available
*This guide presents burndown information only. It does not reflect residual weed control.
**Herbicide rates are: 2,4-D ester, 2 pt/A; Roundup, 1 qt/A; Gramoxone Extra, 1.5 pt/A, other herbicides as given on label and in this guide for no-till weed control.
***Treatments recommended for use with no-till grain sorghum. Bladex is not recommended because severe crop injury can occur to grain sorghum from this herbicide in Missouri. 
****A weed control rating of 6 to 7 indicates partial control or suppression.
Use this table as a guide for comparing the relative effectiveness of variables. If you are obtaining satisfactory results under your 
herbicides on individual weeds. Herbicides may perform better or growing conditions, changing products as a result of information 
worse than indicated due to extreme weather conditions and other in this table is not necessarily recommended.
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No-till Soybeans*
Guide to weed response to burndown herbicides
Win ter weeds Early spring weeds Cover crops
Herbicide** A
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Gramoxone Extra 9 7 9 10 9 7 10 10 6 9 6 8 9 8 8 7 6 6 4 9 8 8
Roundup 10 8 10 10 10 9 10 10 9 10 10 8 8 9 9 8 9 9 3 3 5 6
Canopy/I’rcvicw 10 8 6 10 . 9 4 10 9 10 4 4 3 9 8 9 - - - - - *
Scepter 5 6 * 10 _ 4 4 10 5 10 3 3 3 5 7 8 - - - - - -
Gramoxone + Canopy /Preview 9 8 9 10 10 9 10 10 10 10 7 8 8 9 10 9 6 6 - - - -
Roundup + Canopy/Preview 10 10 9 10 10 10 10 10 9 10 10 9 8 9 10 9 8 8 - - - -
Gramoxone + Scepter 9 10 9 10 10 7 10 10 10 10 6 8 9 9 9 8 7 7 - - - -
Roundup + Scepter 10 10 9 10 10 9 8 10 9 10 9 9 8 9 10 9 9 8 - - - -
Gramoxone + Sencor/Lexone 10 9 9 10 10 7 10 10 9 10 8 8 8 10 10 9 - - - - * -
Roundup + Sencor/Lexone 10 8 9 10 8 9 10 10 8 10 10 8 8 9 9 9 - - - - - -
Gramoxone + Lorox/Linex 9 7 8 10 10 6 10 10 9 10 7 8 8 10 8 4 - - - - - -
Roundup + Lorox/Linex 10 9 9 10 9 6 10 10 10 10 9 8 8 9 9 8 - - - - - -
Weed Control: 8 to 10 = Good 6 to 7= Fair*** Less than 6 = Poor - = No data available
*This guide presents burndown information only. It does not reflect residual weed control.
**Herbicide rates are: Gramoxone Extra, 1.5 pt/A; Roundup, 1 qt/A; other herbicides as given on label and in this guide for no-till weed control.
***A weed control rating of 6 to 7 indicates partial control or suppression.
Use this table as a guide for comparing the relative effectiveness and other variables. If you are obtaining satisfactory results under
of herbicides on individual weeds. Herbicides may perform bet- your growing conditions, changing products as a result of infor-
ter or worse than indicated due to extreme weather conditions mation in this table is not necessarily recommended.
Principles and Opportunities for Perennial
Weed Control
J. Walsh
Perennial weeds are becoming more of a problem for producers throughout the state of 
Illinois. Reduced tillage, crop rotations, and competition from annual weeds have all 
contributed to the opulence of perennial weeds. Commonly, perennial weeds are scattered in 
isolated patches throughout the field. At first, one might ignore the presence of a few 
scattered perennial weeds. However, once a perennial weed becomes established, it can 
spread rapidly. Even at low levels of infestation, perennial weeds can reduce yields, crop 
quality, and harvesting efficiency.
Perennial weeds are the most difficult weeds to control in agronomic crops. Perennial 
weeds can develop and spread by seed or vegetative reproductive structures. To successfully 
control perennial weeds, one should use an integrated system of cultural, mechanical, and 
chemical weed control. Remember, be persistent. Perennial weeds will not likely be 
controlled after implementing one control measure. Successful, long term control of 
perennial weeds usually takes repeated control measures for more than one year. Select a 
control program that fits your production system and maintains environmental quality.
PERENNIAL WEED GROWTH HABITS
Perennial weeds flower and produce seed if they are allowed to grow undisturbed throughout 
the summer. The roots of these plants also act as storage tissues for survival from season to 
season. Having two mechanisms of propagation is a major reason perennials are so 
persistent.
Perennial weeds reproduce and spread by seeds and vegetative reproductive structures. 
Perennial grasses have rhizomes or stolons. Rhizomes are elongated horizontal 
underground stems. Stolons are horizontal aboveground stems. These specialized plant 
structures allow perennial grasses to over winter and produce new independent plants. 
Perennial dicots have specialized rootstocks called budding or creeping roots. Some dicots 
have structures called tubers. Creeping roots are roots that are modified for storage of food 
and vegetative reproduction. These roots can penetrate deep into the soil profile. Tubers are 
thickened underground stems borne on the ends of rhizomes. Tubers can have nodes and 
intemodes. Perennial weed vegetative reproductive structures can enable perennials to 
survive under a wide range of growing conditions.
CONTROL SUGGESTIONS FOR PERENNIAL WEEDS
If one expects to achieve successful control of perennial weeds, an integrated management 
system is needed. Tillage, crop rotation, crop management, and herbicides should be used in 
combination so as to maximize control of perennial weeds. No single method exists that is 
completely effective for controlling perennial weeds. When you develop a planned program 
of perennial weed control, take into consideration your specific weed problem, crop 
management practices, and production capabilities.
P reven tio n
Prevention of perennial weeds is the most effective means of control. Perennial weed 
seedlings are herbaceous and relatively easy to control with tillage and herbicides.
However, after 3 to 6 weeks many of these weeds begin to develop perennial root structures 
and start to store food reserves. The extensive root system and the ability of small pieces of
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chopped roots to survive make repeated cultivation and herbicide application necessary to 
control established perennials. So, control seedling perennials. Do not give seedlings the 
opportunity to establish and spread.
When a perennial weed begins to establish itself in a field, it will likely be isolated in 
localized patches. At first notice of these small patches, prepare to spot treat. Use 
mechanical removal or a translocated herbicide to destroy topgrowth. Remember, the 
vegetative reproductive structures of perennial weeds will allow them to send up new plants. 
Keep an eye out for this regrowth and apply your control technique when sufficient regrowth 
is apparent. Persistence will greatly improve your chances of long term success.
Plant clean crop seed, free of weed seed. This is a common mode of weed establishment in 
fields. The extra cents spent on quality seed now may save dollars for control later.
Crop Rotation
Continuous production of a single crop usually results in declining yield. In addition, 
repeated studies have shown that crop rotation not only improves crop yields, soil physical 
properties, and plant nutrition , but it also improves weed, insect and disease control. With 
regard to improved weed control in crop rotations, several variables exist that interact. 
Management of the crop, alleopathy, competition, and improved environment for the 
rotational crop are but a few reasons weed control can increase with crop rotation.
Rotation to a grass or legume forage can assist in the control of perennial weeds. A properly 
managed forage crop, cut 3 or 4 times a year, can greatly reduce perennial weed stands. The 
competitive nature of forage crops also can generate competition for the perennial weeds. 
The mowing in conjunction with a competitive crop is more effective on tall growing weed 
species versus low growing or sod forming weeds.
Including a fall planted crop such as wheat or rye also can offer some suppression of 
perennial weeds. Tillage prior to establishment of the crop can help to remove topgrowth 
and place root sections on the soil surface where the harsh elements of winter can desiccate 
exposed root sections. The vigorous growth of the crop in the spring also will help in the 
control of perennial weeds. Phenoxy and benzoic herbicides, which are usually effective on 
broadleaf perennials, can be applied to most small grain crops.
If possible, areas of high infestation may be rotated into set-aside. This allows the producer 
to make two applications within the same year. A spring herbicide application, mid 
summer mowing, and a fall herbicide treatment would greatly reduce food reserves in most 
perennials. This might not be feasible for situations where infestations are in the middle of 
a field. However, if infestation levels are high, it might be a wise move. Conversely, when 
placing uninfested land into set-aside, make sure to use a weed control program so that 
perennial weed infestation does not establish.
image.
As tillage decreases, perennial weed populations tend to increase. Tillage can be an 
important aspect of your control program. However, tillage should not be used where it will 
pose a threat of soil loss in cases where land is considered highly erodible. Tillage such as 
field cultivation and row cultivation can be effective for removing seedlings of perennials. 
However, this type of tillage actually can spread established stands of perennial weeds.
After the cultivator cuts the root sections into smaller sections, it disperses them. Many 
times these sections will produce new plants and thus increase populations.
H erbicides
Many times the most effective means of controlling perennial weeds is the use of an 
effective herbicide. Several factors influence the effectiveness of a herbicide, stage of weed
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development being, one of the most important. Plants are most subject to control during 
periods of active growth and when carbohydrate is moving downward in the plant. In many 
perennial weeds, the period in which underground reserves are at their lowest and 
carbohydrate is starting to flow back down the plant to form new underground structures 
occurs when the plant has attained approximately one quarter of its height or it is at the 
early flower stage. This is a goof time to implement a control practice, especially a foliar 
applied symplastically translocated herbicide. Good herbicide translocation can be expected 
from early bud stage until the flowers are fully open. Once flowers are fully opened, 
resistance to herbicide treatments seems to increase. Viable weed seed can sometimes be 
produced a week after fertilization. Waiting until the plant has flowered may increase the 
chance of spreading perennial weeds by seed production.
For herbicide recommendations of perennial weeds, refer to the Problem Perennial Weeds 
section of Weed Control for Com, Soybeans, and Sorghum chapter of the 1992 Illinois Pest 
Control Handbook. Please keep in mind that herbicide recommendations are based solely 
on the relative topgrowth kill of the weed. A repeat application is usually needed to control 
regrowth. In addition, a control program should be planned with future years considered. 
Don’t anticipate complete control with one application in one year; it won’t happen. Plan 
your herbicide program according to your crop rotation and various opportunities that exist 
for your production situation.
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Recognition and Control 
of Winter Annual Weeds
D. Anderson
BIOLOGY OF COOL-SEASON ANNUALS AND PERENNIALS
Winter annual weeds are cool-season plants that have a life cycle of less than one year. 
Unlike summer annuals that germinate in the spring and develop mainly during warm 
weather, winter annuals begin their life cycle in autumn during cool weather. After 
germinating, they overwinter, resume vegetative growth in the spring, and flower and 
produce seed before dying in early summer. Many winter annual weeds also may germinate 
during the early spring and then complete their life cycles as if they germinated in the fall.
The life cycle of winter annuals coincides closely with that of winter annual crops such as 
the fall-seeded small grains. Therefore wheat, barley, oats, rye and fall-seeded alfalfa 
provide an ideal environment for the development of winter annual weeds and other cool 
season weeds.
Winter annual weeds can actually be found in any environment in which they are able to 
complete their life cycles. They may become established in perennial hay or turf crops 
while these crops are dormant from late fall through early spring. By mid-spring, the weeds 
may have sufficient growth to compete successfully with the crop when it resumes growth. It 
is also possible to find winter annual weeds in pastures of poor stands or in summer annual 
crops when the canopy fails to close before late summer.
During the summer of 1991, the crop canopy in many com and soybean fields did not close 
because of the lack of moisture. An early harvest followed by several weeks of warm 
weather provided sufficient time and a favorable environment for the germination and 
development of winter annuals.
Until the adoption of no-till production of summer annual crops, winter annual weeds were 
only an occasional problem in com and soybeans. Most tillage operations conducted in the 
spring ahead of planting com and soybeans provide sufficient weed control to kill winter 
annual weeds. No-till production does not allow mechanical weed control. Winter annual 
weeds can be found frequently in no-till fields, and they can have sufficient growth before 
com or soybeans are planted to be quite competitive. In addition, winter annual weeds, 
along with residue from the previous crop, can interfere with the amount of herbicide that 
reaches the soil surface or penetrates to germinating weeds.
COMMON WINTER ANNUAL WEEDS AND COOL-SEASON PERENNIALS
Every farmer can identify at least some of the mustards when they are flowering. But as is 
true for the control of summer annuals, control methods for winter annuals are more 
effective if made before the plant flowers. Therefore, it is important to be able to recognize 
winter annual weeds in the fall or in early spring while they are still in their vegetative 
stage. Unfortunately few reference materials are available with sketches of winter annual 
weeds in the vegetative stages (seedlings and rosettes).
Other weeds that can be found during early spring weather are summer annuals that 
germinate early while the soil is still cool and the cool-season perennials. It is important 
to consider weed control options that control these weeds when planning for the control of 
winter annual weeds. Common cool-season weeds are listed below.
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Winter Annual W eeds
Grasses Broadleaves Mustard species
annual bluegrass 
downy brome 
cheat
little barley 
annual ryegrass
common chickweed 
prickly lettuce 
rough cinquefoil 
rough fleabane 
purslane speedwell 
henbit
field pennycress 
yellow rocket 
wild mustard 
shepherdspurse 
pepperweed 
tumble mustard 
hedge mustard
Cool-Season Sum m er Annual W eeds
common ragweed 
giant ragweed 
common lambsquarters 
Pennsylvania smartweed 
ladysthumb smartweed 
wild buckwheat 
knotweed
Perennial Cool-Season W eeds
Grass and Grasslike Plants Broadleaves
quackgrass marestail (horseweed)
wild garlic Canada thistle
CONTROL OF WINTER ANNUALS AND COOL-SEASON PERENNIALS
The seedling stage of all plants, regardless of life cycle, is the most susceptible to 
mechanical and chemical control methods. Annual weeds become progressively more 
difficult to control as they approach seed production. In addition, if plants are allowed to 
flower, they will produce seed in addition to competing with the crop.
Cultural practices are major contributors to effective weed control. It Is important to 
provide the crop a good seedbed and adequate fertilization for good crop vigor. Planting 
should be done during weather that is most favorable for the germination and growth of the 
crop. Narrow row spacing increases the likelihood of crop canopy closure, minimizing the 
likelihood of invasion in the fall by winter annual weeds.
Where winter annual weeds are present in the spring, minimal tillage operations before 
planting will be sufficient to kill most winter annual weeds.
Summer annual no-till crops usually receive one of the following three methods of herbicide 
applications:
1. Herbicides labeled for early preplant (EPP) application:
2. Knockdown herbicides applied before planting, followed by a residual or 
postemergence treatment;
3. Soil-residual herbicides with knockdown activity.
Where winter annual, early germinating summer annual, or cool season perennial weeds 
exist, it is important to choose a method that provides activity against these weeds.
perennial sowthistle
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There are several herbicides with sufficient soil residual that may be used in early preplant 
applications. These herbicides need to be applied early enough to control emerging weeds. 
However, they should not be applied earlier than specified on the label. Since, in such a 
case, insufficient herbicide may remain to control later germinating weeds. The herbicides 
labeled for EPP applications in com, soybeans, or both are listed below.
The herbicides that have knockdown activity only include paraquat (Gramoxone) and 
glyphosate (Roundup). Dicamba (Banvel) and 2, 4-D can be used ahead of com to control 
broadleaf weeds. They have some soil activity. These herbicides are used to control existing 
weeds in control programs that also include products to control later germinating weeds. 
Among three products are soil residual herbicides (such as the EPP products) and other 
postemergence herbicides.
Several of the soil residual herbicides have limited postemergence activity against small 
weeds but oversized weeds are often a problem at planting time. Those herbicides that have 
some activity are marked with an asterisk in the following list. They should not be used in 
place of Gramoxone or Roundup if weeds are large. A few soil-residual herbicides can 
control larger weeds, especially if they are used with the recommended crop oil concentrate 
(COC) or noninonic surfactant (NIS). These are shown with a double asterisk. Some 
herbicides also allow the addition of 2,4-D or Banvel to improve the control of larger weeds. 
Be certain to check the label for size limitations and recommended additives.
Early Preplant H erbicides
metolachlor (Dual)
alachlor (Lasso, Microtech, others)
cyanazine (Bladex)**
pendimethalin (Prowl)
atrazine (AAtrex, Atrazine)**
metribuzin (Lexone, Sencor)*
imazethapyr (Pursuit)*
imazaquin (Scepter)
dicamba + atrazine (Marksman)*
metolachlor + atrazine (Bicep)*
alachlor + atrazine (Bullet, Lariat)*
cyanazine + atrazine (Extrazine)**
metolachlor + metribuzin (Turbo)*
pendimethalin + imazaquin (Squadron)
pendimethalin + imazethapyr (Pursuit Plus)**
metribuzin + chlorimuron (Preview, Canopy)**
chlorimuron + linuron (Lorox Plus, Gemini)**
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Gray Leaf Spot on Corn
D. White
Gray leaf spot of com caused by the fungus Cercosnora zeae-m audis is a very destructive 
disease of com in the mid-Atlantic and southeastern com growing areas of the United 
States. The disease should be considered a potential threat to com production in the 
midwestem com belt if certain environmental conditions occur.
SYMPTOMS
Gray leaf spot lesions are slow to develop and may take as long as two to three weeks for an 
infection site to take on the appearance of a typical gray leaf spot lesion. Young lesions are 
not distinct from those caused by a number of other leaf spot and blight plant pathogens 
except that there is a yellow halo visible when pin point lesions are observed by transmitted 
light. Usually, these lesions will have an opaque center. On susceptible com genotypes, 
mature leaf lesions usually will be from 1 to 6 cm long and 3 to 6 mm wide. Lesions are 
easily recognized by their linear-rectangular shape that is limited in width by leaf veins. 
Lesions will have a grayish cast on the underside of the leaf as the fungus produces conidia 
(spores) from stromatic fungal tissue that is imbedded in substomatal cavities of the leaf. 
The conidia are formed in groups that protrude from the stomates. On more resistant 
genotypes, lesion development is slowed and often lesions will remain small spots with 
yellow borders. Sporulation of the fungus may be greatly reduced or completely lacking.
HISTORY
Gray leaf spot was first reported in Alexander County, Illinois in 1925. The disease received 
almost no recognition until the mid 1940s when it was reported in several areas in eastern 
Tennessee and Kentucky. In the late 1940s it was observed in Virginia and spread to other 
mid-Atlantic states by the early 1970s. It is considered to be the most destructive leaf 
disease of com in coastal mid-Atlantic states and in the mountain areas of the east. In the 
late 1970s and early 1980s, the disease was noted in the midwestem com belt areas, 
particularly in areas along major rivers. The disease was a serious problem in eastern Iowa 
and western Illinois in 1982 and continues to be a problem in many areas of the central 
combelt along rivers where high humidity occurs for extended periods during July and 
August.
EPIDEMIOLOGY
It is well documented that severe epidemics of gray leaf spot are found with reduced tillage, 
continuous com and high relative humidities during July and August. High relative 
humidity is probably more critical than any other single factor in promoting severe disease 
development. Cercospora zeae-m audis over winters as dormant mycelium in previously 
diseased com debris. Conidia are produced on the debris in the spring and disseminated to 
young com plants by wind or wind blown rain. Several recent studies indicate that conidia 
can be disseminated for long distances, particularly in aerosols produced with wind blown 
rain. Conidia may germinate in three to four hours when humidity is high and can survive 
on the leaf surface for more than a week if humidities remain over 80 percent. The fungus 
penetrates the leaf through stomates. If free water is present on the leaf surface, the fungus 
is not attracted to the stomates. If it does not find the stomates, it will not penetrate. 
Therefore, free water on the underside of the leaf may actually be detrimental to penetration 
by the fungus, whereas high humidity is necessary. The fungus grows between host cells in 
the leaf and gradually kills leaf cells. It does not produce conidia on living tissue but first
130
must kill tissue before it can sporulate. Penetration of the fungus and production of conidia 
is very slow compared to many other fungal leaf blights. In general, it will take two to three 
weeks from the time of penetration to production of secondary inoculum. The very slow 
growth of the fungus would lead one to believe that the disease could not be very damaging.
It is important to note, however, that under favorable conditions the fungus can produce 
very large numbers of conidia and the disease will progress very rapidly due to high 
inoculum levels. Usually a very rapid increase in disease occurs when the leaf canopy closes 
because humidity levels increase.
YIELD LOSSES
Yield loss estimates due to gray leaf spot vary with hybrid, location and experimental 
methods. Complete crop loss has been reported in several locations. Such losses were 
reported only in areas with prolonged high humidity, continuous com and reduced tillage. 
When complete losses occur, they are due to severe stalk rot and lodging that follow a very 
damaging leaf blight epidemic. Realistic yield loss estimates have been developed using 
fungicides to control the disease in some plots versus no control in others. Generally, losses 
vary between 0 and 50 percent loss. Yield loss due to gray leaf spot is predominantly 
through the predisposition of the plant to com stalk rots whereby the photosynthetic area 
of the plant is reduced, and com stalk rots prematurely kill plants and cause lodging.
CONTROL
The best control for gray leaf spot is the use of resistant com hybrids. Numerous seed com 
companies have developed hybrids with acceptable resistance. The majority of these 
hybrids have late maturity and are intended for use in southern and eastern areas. Most 
hybrids that would be high yielding and most appropriate for central Illinois lack this 
disease resistance. The lack of resistance in high yielding hybrids adapted for the midwest 
is of concern. This is particularly true for areas of the midwest that have large com 
acreages in reduced tillage where high humidities prevail.
Two very effective controls for gray leaf spot are rotation and tillage. The effect of tillage is 
fairly obvious in that overwintering inoculum of the fungus is buried. Rotation allows for 
distance to be placed between overwintering inoculum and the next crop. Rotation and 
tillage will control overwintering and primary inoculum and will lose effectiveness when 
very favorable conditions occur for the production and spread of secondary inoculum. They 
will usually delay the development of disease for at least two or three weeks.
POTENTIAL DAMAGE
The potential for damage due to gray leaf spot in much of the midwest is minimal due to the 
absence of prolonged periods of high humidity that are required for severe outbreaks of the 
disease. The disease could become severe if two wet years occurred in succession. During the 
first year, inoculum of the pathogen would build and be available to start an early epidemic 
during the second year. The likelihood of having two wet years in succession seems fairly 
remote. One should, however, be aware of the fact that gray leaf spot does represent a threat 
under certain conditions and should become familiar with the symptoms of the disease.
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The Wisdom of Using Soil Insecticides for 
Corn Rootworm Control at Any Rate
M. Gray, K. Steffey, and H. Oloumi-Sadeghi
INTRODUCTION
We have attempted during the last two years to better understand the relationship between 
the application of soil insecticides applied by farmers at both labeled and reduced rates and 
the root protection afforded by these different rates. This two-year participatory project has 
required a strong cooperative effort among specialists, support staff, county advisers, and 
producers. The justification, organizational structure, experimental design, and objectives 
of the 1991 study were fundamentally the same as those outlined for the 1990 trials (Gray et 
al. 1991).
This paper will present the results of the root damage evaluations in 1991 and summarize 
the yields from 1990 and 1991. Information such as planting dates, com varieties, planter 
types used, and insecticides used also will be compared and contrasted between the two 
years. In addition, a "Position Statement" regarding the use of reduced rates by producers 
for the 1992 season will be provided. Finally, we will offer some insights into the wisdom 
of using soil insecticides for root protection at any rate, even when com is not rotated with 
another crop such as soybeans (continuous com).
PLANTING DATES
Similar to the 1990 trials, the only requirement for participation in the 1991 study was that 
producers plant com in a field that had been devoted to com production the previous year. 
Planting began two weeks earlier in 1991 than in 1990; however, the planting duration for 
all trials lasted approximately one month each year. In 1991, 16 of the 29 experiments were 
planted in April and 11 were planted during the first week of May (Table 1). The range in 
planting dates for the 1991 season was from April 11 to May 10. In 1990, the majority of 
the experiments were planted in May (20 trials) with the remainder being planted in April (9 
trials).
We report planting dates for each year because of the concern about early planting and 
possible soil insecticide loss prior to the larval rootworm feeding period in June and July. 
This concern becomes magnified when less than labeled rates are applied at planting. The 
legitimacy of this concern can now be evaluated because of the large number of early 
planting dates during this research. During the two years of this study, 25 of the 58 trials 
were planted in April.
CORN VARIETIES
As in the previous year, the cooperators planted a large number of commercial com 
varieties. In 1991, twenty-six varieties of com were planted by the 29 cooperators (Table 1). 
The following nine varieties were grown during both years of the study: Asgrow 746, Dekalb 
612, Dekalb 535, Dekalb 636, Garst 8532, Hughes 5870, Pioneer 3379, Pioneer 3417, and 
Wyffels 670.
PLANTERS USED
Because the majority of producers (22) who participated in the 1991 trials also cooperated 
with us during 1990, the type of planter used from one year to the next did not change for 
most farmers. In 1991, most farmers used either International Harvester (12 farmers) or
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John Deere (12 farmers) planters (Table 1). Three farmers used White planters and two used 
Kinze planters.
INSECTICIDES USED AND RATES APPLIED
Six different soil insecticides were evaluated during the 1991 season and are listed 
accordingly with the number of trials in which each product was used given in parentheses: 
Counter (9), Dyfonate (4), Force (6), Furadan (2), Lorsban (8), and Thimet (1). Counter was the 
product most often used in both years of the study: however, six fewer farmers selected this 
insecticide in 1991. In contrast, four more farmers in 1991 elected to use Force (tefluthrin), 
the newest of the soil insecticides. Force is labeled for application at 0.1 pound of actual 
insecticide per acre and belongs to the pyrethroid class of insecticides. Counter (terbufos), 
Dyfonate (fonofos), Lorsban (chlorpyrifos), and Thimet (phorate) are organophosphate 
insecticides and are labeled for application at approximately 1.0 pound of actual insecticide 
per acre to achieve root protection. Furadan (carbofuran) was the only representative of the 
carbamate class of insecticides; it is also labeled for application at a rate of 1.0 pound of 
actual insecticide per acre.
All 29 farmers applied an insecticide of their choice at the labeled rate and at a reduced rate 
equal to 3/4 the labeled rate. Five producers also included 1/2 application rates in their 
experiments. In addition to the labeled and reduced rates (3/4, 1/2, or both) of an 
insecticide, a check (untreated control) was included in each farmer’s experiment. Each of 
the treatments was replicated four times in all 29 trials.
The standard application rate of 1.0 pound of actual insecticide per acre is based upon 40- 
inch row spacing. Many farmers commonly grow com in 30-inch rows. Therefore, a 
producer who uses 30-inch rows and applies 8 ounces of a 15 percent active formulation to 
every 1,000 feet of row is treating the field with 1.3 pounds of actual insecticide per acre.
ROOT DAMAGE EVALUATIONS
A total of 3,760 roots were rated for injury in 1991. Roots were evaluated for larval damage 
(Hills and Peters 1971) in July following the techniques described by Gray et al. (1991). In 
each of the farmer’s experiments, 10 roots were dug and evaluated for each replicate and 
treatment combination (typically 120 roots per field).
The level of root damage in 1991 (Figure 1) was well below that experienced by the 
cooperators in 1990. Only six trials, compared with 17 in 1990, had average root injury in 
the untreated check (control) equal to or above a root rating of 3.0 on the Hills and Peters 
(1971) damage scale.
A rating of 3.0 indicates that several roots have been eaten off to within 1 - 1 / 2  inches of the 
plant. The original root damage threshold of 2.5 (Turpin et al. 1972) has been arbitrarily 
increased to 3.0 on the Hills and Peters (1971) scale; a soil insecticide’s performance is 
generally considered acceptable if it can keep root injury below a rating of 3.0. Currently, 
some entomologists believe that a root rating of 4.0 should be used as the economic injury 
level (Sutter et al. 1990). A rating of 4.0 indicates that one node of roots (or the equivalent) 
has been completely destroyed.
In 1991, the insecticides applied at the 3/4 rate provided comparable root protection to the 
labeled rate. No significant difference in root protection was observed between the labeled 
and 3/4 rates in any of the six trials in which the untreated check (control) was above or 
equal to a rating of 3.0. The products used in these six experiments were Force (1), Dyfonate 
(2), and Lorsban (3). None of the 1991 trials in which Counter was used had average root 
ratings in the untreated check above a rating of 3.0. This is strikingly different from the 
1990 study in which 11 of the 15 experiments where Counter was used had average root 
damage in the control at or above a rating of 3.0.
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YIELD EVALUATIONS
We are able to present the yield results for both years of this study because of the 
exceptionally early harvest of 1991.
1990 Results
The yield results for 1990 are presented in Table 2. Three trials were not harvested due to 
severe storm damage during late summer. A significant difference in yield between the 
labeled and 3/4 application rates was observed in only one of 26 harvested trials (location 1; 
Force used). In 19 trials, yields were higher in plots treated with the labeled rate than in 
plots treated with the 3/4  rate. In contrast, in eight experiments, yields were higher in plots 
treated with the 3/4  rate than in plots treated with the labeled rate.
Well over one-half of the trials (17/26 or 65%) showed no significant differences in yields 
between the labeled rate and the untreated check. Twelve of these experiments had root 
damage in the control of at least a rating of 3.0 or greater. Results such as these call into 
question the validity of using a root rating of 3.0 as the economic injury level. In all but 
two experiments, yields were numerically greater in plots treated with the labeled rate than 
in the untreated check plots.
1991 R esults
Yield results for the 1991 season are provided in Table 3. Significant differences in yield 
between the labeled and 3/4 rates were observed in three trials: number 01, Counter used; 
number 17, Force used; and number 23, Counter used. In location 23, the yield was greater 
in the 3/4 rate treatment. In 16 experiments, yields were greater in plots treated with the 
labeled rate than in the those treated with the 3/4 rate. Fourteen of the trials had yields 
that were greater in plots treated with the 3/4 rate than in those in which the labeled rate 
was applied.
No significant difference in yields was observed between the labeled application rate of the 
chosen insecticide and the untreated check in 22 experiments (76% of the trials). Yields in 
plots treated with the labeled rate of an insecticide were numerically greater (not 
significantly greater) in 22 of the experiments; however, in eight trials, yields were greater 
in the control plots than in the plots treated with the labeled rate.
POSITION STATEMENT - USE OF REDUCED RATES OF SOIL INSECTICIDES FOR CORN 
ROOTWORM CONTROL (Update from 1990 version)
The full position statement for 1992 is printed in the 1992 Pest Control Handbook. We 
include in this paper the most pertinent changes from last year's version.
"Results from on-farm experiments in northern Illinois over the last two years (58 
experiments), along with findings generated from university trials conducted throughout the 
Midwest for several years, lead Extension entomologists at the University of Illinois to the 
following conclusions:
1. Reduced application rates (25 percent reduction) of several commonly used 
insecticides provide equivalent root protection to the labeled rates based upon 
results from university trials and on-farm experiments.
2. When reduced application rates fail to provide adequate root protection, 
performance of the insecticide applied at the labeled rate is typically poor also.
3. Producers who calibrate their planters to deliver soil insecticides precisely at the 
reduced rate (25 percent reduction) can achieve root protection comparable to the 
labeled rate.
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4. Producers who are Interested in trying reduced application rates should not reduce 
rates by more than 25 percent.
5. Producers should leave a check or an untreated area (no insecticide used) in any field 
where an insecticide is used at either the labeled or reduced rate. This will enable 
producers to make a valid comparison of root damage in treated and untreated areas 
of a field. This is the only method by which the root protection afforded by an 
insecticide can be judged adequately.
6. Producers should scout their cornfields (devoted to continuous com production) for 
rootworm beetles each summer to determine the need for a soil insecticide the 
following year at planting. In 1991, 79 percent of the on-farm experiments (23 
trials) would not have required any insecticide application at planting. (The last 
sentence was based upon using a root rating of 3.0 as the economic injury level. 
Please refer to the yield evaluation summaries for 1990 and 1991 for a more 
complete discussion.)
"The intent of this position statement is not to make any recommendation for the use of 
reduced insecticide application rates. Instead, our purpose is to share with the producers in 
Illinois and with the general public the results we have obtained from university plots and 
also from on-farm experiments in 1990 and 1991. The producers within Illinois will 
ultimately decide the insecticide rate they want to deliver to the soil each spring. However, 
until insecticide manufacturers are willing to show some flexibility in their labeled 
application rates, farmers will continue to assume all legal responsibility for the use of any 
insecticide applied at a less than labeled rate."
THE WISDOM OF USING A SOIL INSECTICIDE AT ANY RATE FOR CORN ROOTWORM 
CONTROL
A significant portion of the com acreage in Illinois is grown without crop rotation 
(2,810,192 acres; 26% of total com acreage). The great majority of the acres (88%) devoted to 
continuous com production are treated each year at planting with a soil insecticide (Pike et 
al. 1991). Our results suggest that in Illinois, the magnitude of the perceived need for soil 
insecticide use (at any rate) to protect root systems from larval injury is exaggerated.
In 1990, 17 of the 29 experiments (58.6%) had root damage in the untreated checks that 
averaged 3.0 or above on the root damage scale; in 1991, only 6 of 29 trials (20.7%) fit this 
description. If we combine the years, only 23 of the 58 experiments (39.7%) had root damage 
at or above the "economic injury level." If we use the new economic injury level of 4.0 
proposed by Sutter et al. (1990), then not a single trial (0/29) in 1991 had average damage in 
the untreated check at the economic level. In 1990, eight trials (27.6%) had average damage 
in the untreated check at or above a root rating of 4.0 (Gray et al. 1991). Regardless of the 
economic injury level that is used, our root rating data strongly suggest that farmers in 
Illinois are using soil insecticides on far more continuous com acres than necessary.
By examining the yield results from both years, we see even more clearly that the use of soil 
insecticides was not warranted in most trials. In 1990, 17 of the 26 experiments (65%) had 
no significant difference in yields between the labeled rate of the insecticide and the 
untreated control treatment. Yield results from 1991 indicated that 22 of the 29 trials (76%) 
had no significant difference between the labeled rate and the untreated check. Differences 
in yield between the labeled and 3/4 insecticide application rates were negligible in each 
year of the study. These yield data, when examined along with the root rating data, strongly 
suggest that the "wisdom" of applying a soil insecticide each spring to 88% of the continuous 
com acres in Illinois is anything but a sage choice.
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FUTURE PLANS
Based upon our results over the last two years, it should be obvious that farmers must "fine 
tune" their pest management decision making process when it comes to com rootworms. 
Scouting for com rootworm beetles during the summer and determining the need for a soil 
insecticide the following year has never been accepted by most farmers in the Midwest. 
However, it is our opinion that if this tactic had been adopted, many acres of com could 
have been spared a soil insecticide application at planting.
We are currently conducting a participatory on-farm research project that is examining an 
alternative sampling strategy for com rootworm adults. This approach involves the use of 
yellow sticky traps (Pherocon AM traps) to monitor com rootworm beetle populations from 
mid-July through early September (Hein and Tollefson 1985). During the summer of 1991, 
more than 20 producers in northern Illinois volunteered to monitor sticky traps throughout 
the egg-laying period of rootworm adults. In 1992, these cooperators will leave four check 
strips (untreated strips) in their fields that were sampled in 1991. Roots will be evaluated 
for rootworm damage in July, and the predictive potential of these traps will be assessed. If 
the results are promising, we hope to encourage a greater adoption of this sampling 
methodology by farmers who grow com continuously. This approach may ultimately reduce 
the number of acres that are needlessly treated each spring with a soil insecticide to prevent 
root damage.
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Table 1. Agronomic and  equipm ent inform ation for each cooperator in  1991 tria ls
tr ia ls
Treatment
Cooperator no., length.
county, and 
insecticide
Planting
date
Corn
variety
Tillage
system
no. roots 
evaluated3
Planter
typeb
1
Dekalb
Counter
5/3/91 Dekalb
612
Spring
disk
400 feet 
10 roots
IH 800 
(8 rows)
2
Dekalb
Force
5/3/91 Renk 76 Fall disk- 
chisel, 
spring soil 
finisher
300 feet 
10 roots
JD 7000 
(12 rows)
3
Dekalb
Counter
4/19/91 Hughes
5870
Fall chisel, 
spring soil 
finisher
400 feet 
10 roots
JD 7000 
(12 rows)
4
Kane
Force
4/26/91 Hughes
5919
Fall chisel, 
spring field 
cultivated
346 feet 
10 roots
IH 800 
(12 rows)
5
Kane
Force
5/10/91 Pioneer
3475
Spring mold- 
board, field 
cultivate
250 feet 
10 roots
IH 800 
(12 rows)
6
Kane
Lorsban
5/1/91 Hughes
5510
Fall moldboard, 
spring field 
cultivate
500 feet 
10 roots
JD 7200 
(12 rows)
7
Kane
Force
4/24/91 Agri-Gold
64-40
Spring disk 728 feet 
10 roots
IH 900 
(12 rows)
8
Kendall
Dyfonate
5/2/91 Wyffels
670
Fall earth- 
master, spring 
soil finisher
240 feet 
10 roots
IH 800 
(12 rows)
9
Kendall
Dyfonate
4/24/91 Wyffels
670
Fall earth- 
master, spring 
soil finisher
314 feet 
10 roots
White 
5100 
(12 rows)
10
Kendall
Lorsban
4/30/91 Dekalb 
DK 535
Fall chisel, 
spring disk 
and field 
cultivate
282 feet 
10 roots
IH 900 
(6 rows)
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Table 1 (continued). Agronomic and equipm ent inform ation for each cooperator
in 1991 trials
Treatment
Cooperator no., 
county, and 
insecticide
Planting
date
Corn
variety
Tillage
system
length, 
no. roots
evaluated^
Planter
typeb
11
Knox
Lorsban
4/26/91 Cargill
6927
Fall chisel, 
spring field 
cultivate
250 feet 
10 roots
JD 7000 
(12 rows)
12
Knox
Furadan
4/30/91 Asgrow
746
Fall ridge 
till
1,000 feet 
10 roots
Kinze 
(12 rows)
13
Knox
Lorsban
5/01/91 Pioneer
3359
Fall chisel, 
spring soil 
finisher
250 feet 
10 roots
White 
(12 rows)
14
LaSalle
Lorsban
5/01/91 Cornelius
C601
Spring field 
cultivate and 
harrow
279 feet 
10 roots
JD
(12 rows)
15
LaSalle
Counter
5/01/91 Super Crost 
5460
Fall chisel, 
spring field 
cultivate and 
harrow
312 feet 
10 roots
JD
(8 rows)
16
LaSalle
Furadan
4/30/91 Pioneer
3379
Fall chisel, 
spring field 
cultivate and 
harrow
250 feet 
10 roots
IH 900 
(16 rows)
17
Marshall
Force
5/7/91 Wyffels
893
Fall moldboard, 
spring field 
cultivate
250 feet 
10 roots
IH 800 
(6 rows)
18
Marshall 
Force and 
Dyfonate
4/29/91 Pioneer
3417
Fall moldboard, 
spring soil 
finisher
300 feet 
10 roots
Kinze 
(12 rows)
19
Marshall
Dyfonate
4/30/91 Sieben 37 Fall moldboard, 
spring field 
cultivate and 
disk
1,076 feet 
10 roots
White 
5100 
(4 rows)
20
Mercer
Counter
4/30/91 Pioneer
3417
Fall moldboard, 
spring soil 
finisher
300 feet 
10 roots
JD
(16 rows)
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Table 1 (continued). Agronomic and equipm ent inform ation for each cooperator in  1991
tr ia ls
Cooperator no., 
county, and 
insecticide
Planting
date
Corn
variety
Tillage
system
Treatment 
length, 
no. roots 
evaluated3
Planter
typeb
21
Ogle
Lorsban
5/3/91 Agripro 
ST 7440
No tillage 300 feet 
10 roots
JD 7000 
(8 rows)
22
Ogle
Counter
5/8/91 NK 6440 W Spring chisel, 
cultivate
153 feet 
10 roots
JD 7000 
(12 rows)
23
Ogle
Counter
5/2/91 Garst 8519 Fall earth- 
master, spring 
soil finisher
200 feet 
10 roots
JD 7200 
(12 rows)
24
Warren
Lorsban
4/26/91 DK 636 No tillage 220 feet 
10 roots
JD 7200 
(8 rows)
25
Warren
Counter
4/25/91 Asgrow 727 Fall chisel, 
spring soil 
finisher
500 feet 
10 roots
IH 800 
(12 rows)
26
Warren
Thimet
4/11/91 DK 636 Fall chisel, 
spring field 
cultivate
394 feet 
10 roots
IH 800 
(8 rows)
27
Whiteside
Counter
5/4/91 Wyffels
676
Spring chisel 
and disk
446 feet 
10 roots
JD 7000 
(6 rows)
28
Whiteside
Lorsban
4/30/91 Garst
8532
Spring disk 510 feet 
10 roots
IH 900 
(4 rows)
29
Whiteside
Counter
4/29/91 Pioneer
3578
Fall chisel, 
spring disk
640 feet 
10 roots
IH 900 
(6 rows)
a Number of roots evaluated for damage in each treatment in each replication 
b IH = International Harvester; JD = John Deere
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Table 2. Yields (bushels per acre)a from the 1990 on-farm reduced insecticide rate  trials
Farmer^ and 
County
Insecti­
cide
Labeled
rate
3/4
rate
1/2
rate Check LSDC
01 Dekalb Force 135.7 129.2 119.4 4.4
02 Dekalb Counter 171.1 164.6 166.2 169.6 10.0
03 Dekalb Furadan 114.4 117.5 106.9 10.1
04 Kane Counter 149.9 148.6 128.0 13.8
06 Kane Force 145.4 149.5 139.2 7.1
07 Kane Lorsban 168.6 164.3 162.2 9.6
08 Kendall Counter 147.1 152.5 145.8 9.7
09 Kendall Counter 155.5 145.8 151.3 15.9
10 Kendall Counter 172.0 169.0 166.8 9.3
11 Knox Lorsban 162.4 160.1 166.9 158.4 13.7
12 Knox Dyfonate 166.0 165.6 163.2 160.7 5.1
13 Knox Dyfonate 166.4 162.7 160.7 161.5 4.3
14 LaSalle Counter 158.5 151.4 163.4 20.0
17 Marshall Furadan 172.7 170.4 171.3 3.1
18 Marshall Lorsban 168.9 173.5 153.8 10.7
18 Marshall Dyfonate 167.6 173.8 153.8 10.7
19 Marshall Lorsban 148.5 150.6 142.5 10.5
20 Mercer Counter 160.0 158.1 149.5 12.9
21 Ogle Lorsban 139.3 135.6 127.7 9.5
22 Ogle Counter 142.1 141.0 138.6 13.8
23 Ogle Counter 130.1 127.8 125.6 5.4
24 Warren Lorsban 164.5 167.5 152.2 5.6
25 Warren Counter 178.9 178.1 164.7 11.4
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Table 2 (continued). Yields (bushels per acre)a from the 1990 on-farm reduced
insecticide ra te  tria ls
Farmerb and Insecti- Labeled 3 /4  1/2
County cide rate rate rate Check LSDC
26  Warren Dyfonate 156.2 152.2   148.1 6.5
27  Whiteside Counter 181.6 179.7   178.7 9.9
28  Whiteside Counter 185.3 183.2   180.8 8.5
29  Whiteside Counter 170.4 171.2   175.9 5.7
a No. 2 com; 15.5 % moisture
b Farmer number refers to the 1990 on-farm trials (Gray et al. 1991) 
c Least significant difference; P = 0.05
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Table 3. Yields (bushels per acre)3 from the 1991 on-farm reduced insecticide rate  trials
Farmer^ and 
County
Insecti­
cide
Labeled
rate
3/4
rate
1/2
rate Check LSDC
01 Dekalb Counter 137.0 127.2 127.2 121.7 9.4
02 Dekalb Force 152.8 160.1 159.4 146.9 8.0
03 Dekalb Counter 136.7 138.7 138.0 134.7 6.7
04 Kane Force 152.4 150.9 143.8 7.5
05 Kane Force 155.3 154.3 141.3 10.6
06 Kane Lorsban 109.9 112.5 113.1 10.5
07 Kane Force 114.0 114.1 114.8 16.8
08 Kendall Dyfonate 83.6 82.0 75.7 8.1
09 Kendall Dyfonate 43.1 50.5 43.8 15.8
10 Kendall Lorsban 104.9 107.5 105.4 11.1
11 Knox Lorsban 152.2 147.2 141.9 141.5 13.6
12 Knox Furadan 125.2 124.9 129.1 17.2
13 Knox Lorsban 145.5 146.2 145.3 140.4 8.9
14 LaSalle Lorsban 69.6 66.0 63.8 6.3
15 LaSalle Counter 73.5 75.6 70.8 9.8
16 LaSalle Furadan 97.2 98.9 90.3 15.2
17 Marshall Force 93.2 75.6 66.4 11.4
18 Marshall Force 194.2 194.5 194.7 8.7
18 Marshall Dyfonate 196.2 195.5 194.7 8.7
19 Marshall Dyfonate 151.8 150.1 147.2 7.2
20 Mercer Counter 166.2 168.6 169.8 13.5
21 Ogle Lorsban 138.0 143.0 124.4 5.9
22 Ogle Counter 90.0 90.7 87.9 9.4
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Table 3 (continued). Yields (bushels per acre)a from the 1991 on-farm reduced Insecticide
rate  tria ls
Farmerb and Insecti- Labeled 3 /4  1/2
County cide rate rate rate Check LSDC
23 Ogle Counter 149.1 159.2   154.8 9.8
24  Warren Lorsban 163.9 158.6   163.3 18.1
25  Warren Counter 153.1 152.8   142.8 6.9
26  Warren Thimet 177.0 171.0   166.3 9.6
27  Whiteside Counter 105.3 99.9   96.2 14.6
28  Whiteside Lorsban 38.9 38.6   38.3 5.9
29  Whiteside Counter 133.6 131.9   128.0 7.4
a No. 2 com; 15.5 % moisture
b Farmer number refers to the 1990 on-farm trials (Gray et al. 1991) 
c Least significant difference; P = 0.05
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1991
Pesticides in Rainwater
D. Goolsby
Triazine and chloro-acetanalide herbicides are being detected in atmospheric wet deposition 
throughout the upper Midwest and Northeast United States. Since March 1990, weekly 
accumulations of wet deposition from more than 80 National Atmospheric Deposition 
Program/National Trends Network sites in 24 states have been analyzed to determine the 
occurrence, distribution and deposition rates of preemergent herbicides. More than 100,000 
metric tons of these herbicides are applied annually in May and June to cropland in the 
upper Midwest "combelt" and a substantial fraction of these herbicides is transported into 
the atmosphere. All wet deposition samples were screened for triazine and chloro- 
acetanalide herbicides using semiquantitative enzyme-linked immunosorbent assays 
(ELISA). Samples with detectable concentrations, 0.1 microgram per liter (ug/L) for 
triazines and 0.2 ug/L for chloro-acetanalides, were subsequently analyzed for 11 herbicides 
and two atrazine metabolites by gas chromatography/mass spectrometry. Results obtained 
for samples collected from March to September 1990 show detectable concentrations of 
triazine herbicides in more than 25 percent of the samples. Detection rates were higher in 
samples from late May and June when about 50 percent of the samples contained triazine 
herbicides. Herbicides were detected at all but two sites. Detection rates were highest in the 
upper Midwest where herbicide usage is larger, but one or more herbicides were detected in 
all states in the study area, including the New England states. Precipitation-weighted 
triazine concentrations (by ELISA) in five Midwestern states were about 0.5 ug/L for May 
through July samples. Preliminary results indicate that triazine herbicides in wet 
deposition account for less than one percent of the total amount applied in the study area.
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Pilot Study:
Agricultural Chemicals in Rural Private Wells
E. Mehnert, S. Chou, G. Dreher, J. Valkenburg, S. Schock, and M. Caughey
INTRODUCTION
In 1988, 19 million of Illinois' 38 million acres were used to grow com and soybeans (Pike 
et al. 1990). On these 19 million acres, approximately one million tons of nitrogen fertilizer 
(Illinois Department of Agriculture 1988) and 50 million pounds of pesticides were applied 
(Pike et al. 1990). Because groundwater is the drinking water supply for more than 90 
percent of the people in mral Illinois (Withers et al. 1981), the extent of the occurrence of 
agricultural chemicals in groundwater in Illinois is of interest to the agricultural 
community, the general public, and regulatory agencies.
The occurrence of agricultural chemicals in groundwater in the United States (United States 
Environmental Protection Agency 1990a) and in Illinois (Schock and Mehnert 1990) is well 
documented. However, the extent of this contamination in Illinois still needs to be defined. 
Random sampling of groundwater on a statewide basis can be used to define this 
contamination. Such sampling can be conducted most economically by sampling existing 
drinking-water wells. Because these wells are not constructed uniformly across Illinois and 
over time, sampling drinking-water wells is not exactly the same as sampling groundwater, 
a fact which must be considered when the sampling results are interpreted. However, 
sampling drinking-water wells provides data about the water that people use. In the end, 
sampling results can provide a solid foundation for implementing plans to mitigate or 
prevent contamination.
A plan to determine the occurrence of agricultural chemicals in rural, private wells in 
Illinois was proposed by McKenna et al. (1989). A pilot study was conducted to examine 
significant aspects of this plan. This paper presents an overview of the proposed statewide 
plan and the pilot study, lists the agricultural chemicals determined, and presents 
preliminary results.
PROPOSED STATEWIDE PLAN
In response to a mandate in the Illinois Groundwater Protection Act (P.A. 85-863), McKenna 
et al. (1989) proposed a plan for a statewide survey to define the occurrence of agricultural 
chemicals in rural, private wells. The purposes of the proposed plan were to estimate, on a 
statewide basis, the occurrence of agricultural chemicals in rural, private wells and to 
determine the effect of surficial geology, as represented by the depth to the uppermost 
aquifer material, on the occurrence of agricultural chemicals in rural, private wells. The 
key elements of the proposed statewide survey are:
• A sample population defined as drilled, rural, private water-supply wells.
• Recommended analytes based on their use in Illinois and their potential to 
contaminate groundwater.
• Stratified random sampling design with the depth to the uppermost aquifer 
material as the stratification variable.
• Sampling plan for randomly selecting wells to sample within each of the four 
strata.
• Characterization of well sites and identification of potential sources of 
contamination.
• Well-sampling schedule that addresses the potential for temporal variability in the 
occurrence of agricultural chemicals.
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• Protocols for sample collection, transport, and storage to ensure that the samples 
are representative.
• Use of U.S. Environmental Protection Agency (USEPA) National Pesticide Survey 
(NPS) analytical methods and modification of these methods as appropriate.
• Quality assurance/quality control (QA/QC) procedures to ensure collection of high 
quality data.
• Recommendations for project organization and management.
• Recommendations for data management, statistical analyses and interpretation of 
survey results.
PILOT STUDY
Because of the high cost of the proposed statewide survey, a pilot study was conducted 
primarily to obtain data needed to evaluate and refine the statistical design of the proposed 
statewide survey and to develop and implement the analytical and QA/QC procedures. Most 
of the analytical and QA/QC procedures were modified from the procedures used for the NPS. 
Refinement of the statistical design could reduce substantially the cost of conducting the 
statewide survey.
The design of the pilot study was similar to the proposed statewide survey with two 
exceptions. The pilot study was limited to sampling wells from five township-sized areas 
that were selected according to depth to the uppermost aquifer material and well type (Table 
1). Second, 48 wells per study area (240 total) were sampled instead of 384 wells per stratum 
(1,536 total) that are to be sampled for the proposed statewide plan.
The criteria used for selecting the study areas for the pilot study were derived from the scope 
of the proposed statewide survey and other factors including cost and availability of data. 
The following criteria were used to select the areas for the pilot study:
• geologic setting;
• well type;
• rural land use;
• proximity to investigators’ headquarters;
• availability of data for characterization;
• percentage of land in com and soybean production;
• cooperation of local agencies and area residents;
• contiguous areas greater than 35 square miles; and,
• well density.
The first two criteria were used to differentiate the areas to be selected, and all areas met the 
requirements of the last six criteria.
Geologic setting
As described by McKenna et al. (1989), the potential for contamination of shallow aquifers 
by agricultural chemicals was mapped according to depth from the land surface to the 
uppermost aquifer material using the Stack-Unit Map of Illinois (Berg and Kempton 1988). 
(The statewide mapping convention is discussed on pages 24 and 25 and in Appendix B of 
McKenna et al. (1989).) The map information was divided into four categories, from highest 
to lowest based upon potential for aquifer contamination. The four groups are:
1. Top of aquifer material within 5 feet of land surface;
2. Top of aquifer material between 5 and 20 feet of land surface;
3. Top of aquifer material between 20 to 50 feet of land surface; and,
4. No aquifer material within 50 feet of land surface.
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Well type
The proposed statewide survey was designed to sample drilled wells. For the pilot study, the 
predominant well type was determined for each area using the WELLFAX database (National 
Water Well Association 1986). The first four areas were identified as areas with less than 33 
percent dug or bored wells. The fifth area was included in the pilot study to estimate the 
importance of well type on the occurrence of agricultural chemicals. Because of the way dug 
and bored wells are designed and constructed, it is believed that they are inherently more 
susceptible to contamination than drilled wells. The fifth area was identified as an area 
with greater than 67 percent dug and bored wells.
Rural land use
The focus of the proposed statewide survey is to sample rural, private wells. "Rural" is 
defined as all areas except incorporated areas with a population greater than 2,500 or 
forested or other natural areas greater than one square mile (McKenna et al. 1989).
Proximity to headquarters (Champaign. IL)
To help control costs of the project by reducing travel costs, candidate study areas were 
limited to those within a 100 mile radius of Champaign.
A vailability  o f d a ta  for characterization
To facilitate completion of the detailed characterization of the study areas, the availability 
of data was considered. Essential data for characterization included a modem soil survey, 
geologic data, and hydrologic information. Areas with more data were favored over areas 
lacking data.
Percentage o f land in com  and soybean  production
In terms of total volume, the major uses of agricultural chemicals in Illinois are for the 
production of com and soybeans. Thus, we selected areas with greater than 50 percent of the 
land area used for com and soybean production. For screening purposes, data on crop 
production were obtained from the Illinois Department of Agriculture (1978).
Cooveration o f local agencies and area residents
The cooperation of local agencies, such as the Soil Conservation Service, Agricultural 
Stabilization and Conservation Service, and local health departments, was vital for 
improving the cooperation of area residents and obtaining data necessary for 
characterization. The cooperation of the area residents was essential for us to be able to 
sample their water-supply wells.
Contiguous areas greater than 35 sguare miles, and well den sity
These criteria were included to ensure that the selected areas contained a minimum of 
approximately 60 wells, the number of wells estimated to satisfy the needs of the project. 
Data on well density were obtained from the WELLFAX database (National Water Well 
Association 1986).
PRELIMINARY RESULTS
The following results are given in terms of an occurrence, which is defined as the presence 
of one or more analytes above some specified concentration, in a well-water sample. The 
concentration used to define an occurrence varies among different compounds. For nitrate, 
the occurrence level is 10.0 mg/L reported as nitrogen. For the other analytes, a minimum 
reporting level (MRL) is used. The MRL is one half of the minimum quantitation limit
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(MQL) which varies by the analytical method. For NPS method 1, the MQL is four times the 
estimated detection limit (EDL). The MQL for NPS methods 2 and 3 is five times the EDL; 
the MQL for NPS methods 5 and 9 is three times the EDL. The EDL is defined as the 
minimum analyte concentration that can be measured and reported with confidence that 
the concentration is greater than zero (United States Environmental Protection Agency 
1988). Table 2 lists the analytes, and EDL, MQL, MRL, and the health advisory limit (HAL) 
or the maximum contaminant level (MCL) for each analyte.
The number of occurrences is listed by study area (Table 3). The total number of occurrences 
was 54 out of 240 samples. This means that in 54 of the 240 wells sampled, one or more 
agricultural chemicals were detected. The number of occurrences is highest in the 
Effingham County study area where water was obtained from large-diameter dug wells. The 
number of occurrences is lowest in Piatt County where the depth to uppermost aquifer 
material was greater than 50 feet.
The occurrence of nitrate and the occurrence of pesticides in the study areas are presented in 
Tables 4 and 5, respectively. Please note that the sum of the figures in Tables 4 and 5 will 
not equal the figures in Table 3 because of the occurrence of both nitrate and pesticides in 
some wells.
Nine of the 36 agricultural chemicals listed in Table 2 were detected at levels at or above the 
minimum reporting level, i.e., high enough to be classified as an occurrence. Table 6 lists 
these nine compounds along with the number of occurrences, the minimum reporting level, 
the number of occurrences above the HAL or MCL, and the HAL or MCL. Of the nine detected 
compounds, three are NPS method-1 compounds, one is an NPS method-2 compound (a- 
chlordane and g-chlordane are considered to be the same compound), four are NPS method-3 
compounds and one is an NPS method-9 compound. There were no occurrences of NPS 
method-4 or -5 compounds.
Nitrate-nitrogen was the most frequently detected agricultural chemical, followed by DCPA 
acid metabolite. DCPA acid metabolite, a breakdown product of DCPA, was not included in 
the original list of analytes. This compound was detected by reanalyzing stored sample 
extracts; the results are qualitative only. (Note that these occurrences are not included in 
the 54 occurrences given in Table 3.) In addition, only one sample had a concentration of 
an agricultural chemical (atrazine) that exceeded the USEPA health advisory.
CONCLUSION
Analysis of the results presented here is continuing. Therefore, it would be best to refrain 
from presenting any interpretation of the data until our analysis is complete. A complete 
interpretation of the data, including a statistical analysis of the occurrence of agricultural 
chemicals in relation to the stratification variable and the site characteristics, will be 
presented in the final report to be released by March 1992.
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Table 1. S tudy areas and key selection criteria
County
Depth to uppermost 
aquifer material (ft) Well typea
Mason Oto 5 drilled
Kankakee 5 to 20 drilled
Livingston 20 to 50 drilled
Piatt >50 drilled
Effingham >50 dug
a drilled = any drilled, driven, or jetted well; 
dug = any dug, bored, or other large diameter (>24 inches) well
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Table 2. List of analytes for the pilot study
Analyte EDLa(ppb) MQLb(ppb) MRLC(ppb) HAL or MCLd(ppb)
alachlor 0.38
NPS Method 1 
1.5 0.75 2
atrazine 0.08 0.30 0.15 3
butylate 0.15 0.60 0.30 350
carboxin 0.25 1.0 0.50 700
chlorpropham 0.20 0.80 0.40 —
EPTC 0.08 0.30 0.15 0.15
ethoprop 0.03 0.12 0.06 —
metolachlor 0.38 1.5 0.75 100
metribuzin 0.20 0.80 0.40 200
simazine 0.08 0.29 0.15 1
vernolate 0.10 0.38 0.19 —
aldrin 0.016
NPS Method 2 
0.080 0.040
a-chlordane 0.019 0.095 0.048 2
g-chlordane 0.019 0.095 0.048 2
dieldrin 0.016 0.080 0.040 —
endrin 0.015 0.075 0.038 2
endrin aldehyde 0.055 0.28 0.14 —
heptachlor 0.011 0.055 0.028 0.4
heptachlor epoxide 0.020 0.10 0.050 0.2
p,p’-DDT 0.020 0.10 0.050 —
propachlor 0.064 0.32 0.16 90
trifluralin 0.026 0.13 0.065 5
2,4-D 0.16
NPS Method 3 
0.8 0.40 70
2,4-DB 2.0 10 5.1 —
bentazon 0.32 1.6 0.79 20
chloramben 0.21 1.0 0.52 100
dicamba 0.06 0.3 0.15 200
dinoseb 0.21 1.0 0.52 7
picloram 0.30 1.5 0.76 500
carbofuran phenol 130
NPS Method 4 
650 325
cyanazine 17. 84 42 10
deethylatrazine 14. 69 35 --
linuron 3.0 15 7.5 —
carbaryl 2
NPS Method 5 
6 3 700
carbofuran 3 9 4.5 40
nitrate+nitrite 20
NPS Method 9 
60 30 10000
a estimated detection limit 
b minimum quantitation limit 
c minimum reporting level
d HAL = USEPA lifetime health advisory (United States Environmental Protection Agency 
1990b); MCL = maximum contaminant level. Those compounds which do not have an HAL 
or MCL are marked with
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Table 3. O ccurrence of all agricultural chem icals in the five study  areas
County
Number of 
occurrences
Number of 
samples % occurrences
Effingham 22 48 46.
Kankakee 18 48 38.
Mason 11 48 23.
Livingston 3 48 6.3
Piatt 0 48 0.0
Total 54 240
Table 4. Occurrence of nitrates in the five study areas
County
Number of Number of 
occurrences samples % occurrences
Effingham 19 48 40.
Kankakee 14 48 29.
Mason 7 48 15.
Livingston 2 48 4.2
Piatt 0 48 0.0
Total 42 240
Table 5. Occurrence of one or more pesticides in the five study areas
County
Number of 
occurrences
Number of 
samples % occurrences
Effingham 11 48 23.
Kankakee 6 48 13.
Mason 4 48 8.3
Livingston 2 48 4.2
Piatt 0 48 0.0
Total 23 240
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Table 6. A gricultural chem icals detected
Compound
No. of 
occurrences MRLa (ppb)
No. of high 
occurrences^
HAL or 
MCLC
nitrate 42 30.0^ 42 10000
DCPA acid metabolitee 24 0.24 0 4000
atrazine 11 0.15 1 3
picloram 10 0.76 0 500
bentazon 4 0.79 0 20
metribuzin 2 0.40 0 200
simazine 2 0.15 0 1
chloramben 1 0.52 0 100
chlordane 1 0.048 0 2
a minimum reporting level
b number of occurrences exceeding the HAL or MCL
c HAL = USEPA lifetime health advisory, reported in parts per billion (ppb); MCL= 
maximum contaminant level, reported in parts per billion (ppb).
d For nitrate, an occurrence is defined as 10,000 ppb or 10.0 mg/L as nitrogen, which is 
higher than the minimum reporting level for nitrate-nitrogen.
e DCPA acid metabolite is not included in the overall total number of occurrences because of 
the qualitative nature of these occurrences.
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Agricultural Implications of the State's 
Groundwater Standards and Regulations
A. G. Taylor
Hie Illinois Groundwater Protection Act (IGPA), enacted in September 1987, set the 
framework for managing groundwater quality by a prevention-oriented process. This 
comprehensive law was directed toward the protection of groundwater as a natural and 
public resource, with special provisions targeting drinking water wells. Two key elements of 
the IGPA required the Illinois Pollution Control Board (IPCB) to adopt water quality 
standards specific to groundwater and to promulgate technology regulations governing 
certain activities carried out within delineated wellhead protection zones.
GROUNDWATER QUALITY STANDARDS
The comprehensive groundwater quality standards adopted by the IPCB in October 1991 give 
a practical means of defining expectations for groundwater quality and determining the 
adequacy of the protection program. The provisions that are of particular interest to the 
agricultural industry are the classification scheme, groundwater management zones, and 
numerical standards.
G roundw ater C lassification
All groundwater in Illinois is designated as belonging to one of the following four classes: 
Class I: Potable Resource Groundwater
Class II: General Resource Groundwater 
Class III: Special Resource Groundwater 
Class IV: Other Groundwater
Class I groundwater is composed of all current and potential sources of drinking water and 
is located 10 feet or more below the land surface. Existing drinking water supplies include 
all potable water supply wells and their associated minimum setback zones. Potential 
drinking water sources are found in geologic materials that have the capability of 
transmitting water to wells under normal hydraulic gradients. Therefore, the Class I 
designation for groundwater is based upon its utility as a resource. It is estimated that 80 
percent of Illinois is underlain by Class I groundwater.
Class II groundwaters are those that do not meet the provisions of the other groundwater 
classes. Most groundwater in the upper 10 feet of soil and geologic material is included in 
this class.
Class III groundwater high in value and is designated as such by the IPCB through an 
adjusted standards proceeding. Groundwaters in this class are demonstrably unique and are 
suitable for water quality standards that are more stringent than those which are otherwise 
applicable.
Class IV groundwaters are established to recognize the existence of certain practices and 
natural conditions that have impacts on groundwater. Saline groundwaters that contain 
more than 10,000 mg/1 of total dissolved solids are included in this class.
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The Class IV designation also allows for the establishment of a zone of allowance upon 
notice to the Illinois Environmental Protection Agency (IEPA). This procedure establishes 
an area adjacent to a potential contamination source to deal with a release from a tank or 
piping, precluding automatic non-compliance with the standards. This zone may extend 25 
feet laterally and 15 feet vertically from the source. However, sources that are within 25 feet 
of a potable water supply well do not quality for the zone of allowance designation. This 
special provision in the standards is applicable to units at a commercial agrichemical 
facility used for the storage or accumulation of pesticides or fertilizers.
G roundwater M anagem ent Zones
A groundwater management zone is a three-dimensional region containing groundwater 
that is being managed to mitigate impairment caused by the release of contaminants from a 
site. The regulation provides for the establishment of such zones associated with sites 
subject to a corrective action process approved by IEPA or for which the owner or operator 
undertakes an adequate corrective action in a timely and appropriate manner and provides 
a written confirmation to IEPA. Most sites where groundwater contamination is caused by 
a pesticide release or a fertilizer spill qualify for this provision if the necessary corrective 
action is pursued. The goal of remediation at such sites is the attainment of the applicable 
standards for the class of groundwater that was affected. The groundwater management 
zone expires upon confirmation of completion of the remedial action.
Numerical S tan dards
The IPCB rules list numerical groundwater quality standards for a number of chemical 
constituents that are regulated in Class I and Class II groundwaters. These standards are 
primarily equivalent to federal drinking water standards, although a few are based upon 
other uses such as irrigation and livestock watering.
Several of the organic chemical constituents listed are pesticides that have current 
agricultural uses or that were extensively used in agriculture prior to their cancellation.
Most noted are alachlor, atrazine, and 2,4-D. Others include aldicarb, carbofuran, carbon 
tetrachloride, chlordane, endrin, heptachlor, lindane, methoxychlor, pentachlorophenol, 
2,4,5-TP, and toxaphene.
The standards applicable in Class I groundwater for alachlor, atrazine, and 2,4-D are 2 ppb,
3 ppb, and 70 ppb, respectively. The Class II standards for the same compounds are 10 ppb, 
15 ppb, and 350 ppb, respectively. The difference reflects the limits of the ability to treat the 
groundwater to meet the Class I standards using conventional treatment technology. The 
standards for nitrate as N are 10 ppm in Class I groundwater and 100 ppm in Class II 
groundwater.
There is a limited provision in the rules that allows for groundwater impacts related to legal 
pesticide uses. The Class II standards for the pesticide chemical constituents do not apply to 
groundwater within 10 feet of the land surface, provided that the concentrations of such 
constituents result from the application of pesticides in a manner consistent with the 
Federal Insecticide, Fungicide, and Rodenticide Act and the Illinois Pesticide Act. If 
groundwater contamination is the result of spillage, disposal, or the illegal use of a 
pesticide, then the standards apply.
Another exception to the Class I and Class II standards is effected in situations where a 
corrective action does not remediate groundwater back to or below the applicable numerical 
standard for a released chemical constituent. The enforceable standard then becomes an 
Alternative Groundwater Quality Standard, which is the concentration of the chemical 
constituent as determined by monitoring, provided the exceedance has been minimized to 
the extent practicable and the beneficial use, as appropriate for the class of groundwater
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affected, has been returned. It also is required that the threat to public health or the 
environment be minimized.
TECHNOLOGY STANDARDS
The IPCB is still considering technolgoy standards that will apply to activities in minimum 
and maximum setback zones and regulated recharge areas. As designated in the IGPA, these 
activities include storage and related handling of pesticides and fertilizers at a facility for 
the purpose of commercial application and the storage and related handling of pesticides 
and fertilizers at a central location for the purpose of distribution to retail sales outlets.
The minimum setback zones extend 200 feet from any potable water well. In cases where a 
community water supply well derives water from fractured or highly permeable bedrock or 
from an unconsolidated and unconfined sand and gravel formation, the minimum setback 
is 400 feet. Maximum setback zones are established by local ordinance and extend from the 
boundary of the minimum setback zone up to 1,000 feet from a community water supply 
well. A regulated recharge area is a compact geographic area, determined by an IPCB rule, 
where the geology subjects a particularly susceptible potable resource groundwater to 
contamination. The technology standards would apply up to 2,500 feet from the wellhead of 
a community water supply in a regulated recharge area. An exception to the applicability of 
the technology standards, provided for in the IGPA, would be effected when a regulated 
activity is located on the same site as a non-community water system and the owner is the 
same for both the activity and the well.
As required by the IGPA, the technology standards adopted by the IPCB are to address the 
following areas:
1. appropriate programs for monitoring water quality:
2. reporting, recordkeeping, and remedial response measures;
3. appropriate technology-based measures for pollution control; and
4. requirements for closure or discontinuance of operations.
Some of these provisions are addressed, to a limited degree, in the Illinois Department of 
Agriculture's Containment Rules for Agrichemical Facilities, 8 111. Adm. Code 255.
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Illinois River Sands Water Quality Project
G. Czapar
The Illinois River Sands Water Quality Project is one of 74 Hydrologic Unit Areas (HUA's) in 
the United States that is currently funded through the President's Water Quality Initiative. 
The HUA projects are a cooperative effort involving the Cooperative Extension Service 
(CES), the Soil Conservation Service (SCS), and the Agricultural Stabilization and 
Conservation Service (ASCS). The primary focus of the Mason County project is to reduce 
the amount of agricultural nutrients and pesticides reaching the aquifer.
BACKGROUND
Groundwater in Mason county is vulnerable to contamination due to the presence of sandy 
soils, a shallow water table, intensive irrigation and crop production. McKenna et al. (1988) 
sampled domestic wells and shallow monitoring wells in the Bath-Havana area of Mason 
county. Preliminary results identified trace levels of certain pesticides and elevated levels 
of nitrates in shallow groundwater.
The highly permeable sandy soils have a low organic matter content. As a result, the soils 
have a low adsorption and water holding capacity. The area is underlain by an 
unconsolidated sand and gravel aquifer, and the water table is at a depth of 3 to 12 feet. The 
shallow groundwater system discharges into small streams flowing into the Illinois River or 
directly into the Illinois River (Walker et al., 1965).
The Havana Lowlands in Mason and Tazewell Counties has become the most heavily 
irrigated area in Illinois and accounts for over 50 percent of the irrigated acreage in the 
state (Bowman and Collins, 1987). In 1960, there were only 11 irrigation systems in Mason 
County, while currently there are over 800 systems in use on approximately 100,000 acres.
Several specialty crops are grown in the area due, in part, to abundant groundwater supplies. 
Figure 1. shows the harvested acres of specialty crops grown in the area in 1990. Peas, 
cucumbers, sweet com, and green beans are normally double cropped. Mason County crops 
are grown on contract for 21 different companies or sold as fresh market products.
With this diversity in specialty crops, the area is being promoted as the “Imperial Valley of 
the Midwest." Since water is one of the most important resources in the area, one objective 
of the Illinois River Sands Water Quality Project is to maintain and enhance the 
groundwater quality in the region. The project area is limited to 390 square miles in the 
western part of Mason County, but a much wider area is expected to benefit from the ongoing 
work.
PROJECT COMPONENTS
Wellhead, surveu  - In 1990, a survey was conducted in Havana and Quiver townships to 
gather information concerning well type, depth and potential sources of water 
contamination. Of those that responded to the survey, 70 percent indicated that they had a 
driven sand-point well. Sand-point wells are normally 20 to 40 feet deep and more prone to 
contamination than deeper drilled wells. The survey also identified potential sources of 
groundwater contamination. Twenty-five percent of the respondents were aware of an 
abandoned or non-operating well within 500 feet of their current well and 44 percent 
indicated that their wells were closer than 75 feet to their septic systems.
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Backflow va lves - Application of nitrogen fertilizer through irrigation systems is common 
in Mason County. While this is an efficient way to apply nutrients, an equipment failure 
may allow chemicals to backflow directly down the well. Backflow check valves as 
described by Eisenhauer et al. (1988) can effectively prevent this source of contamination. 
Although all new irrigation systems must be equipped with backflow valves, this is not 
required for older systems already in place. As part of the water quality project, cost-share 
money was made available through the ASCS and SCS to cover 75 percent of the expense of 
installing backflow valves. Over 300 backflow valves have been installed on irrigation 
systems to prevent this type of point-source contamination.
Education  - Education is a major component of the project, and water quality information 
is being disseminated on several levels. A curriculum for kindergarten through 6th grade 
was developed dealing with Cooperative Conservation. The three volume set includes 
activities for students and lesson plans for teachers. It is personalized for the "Illinois State 
Goals for Learning" and the natural resources in Mason County.
Field meetings and educational programs have been conducted to provide water quality 
information to producers and contracting companies and to expand the use of Integrated 
Pest Management (IPM). Practices that protect groundwater often affect pest management 
decisions and may require higher levels of management.
R esearch  - In support of the Illinois River Sands Project, agronomists from the University 
of Illinois and the USDA are conducting research on the Sand Farm near Kilboume,
Illinois. Research has focused on irrigation efficiency, nitrogen management, weed control, 
and cover crop systems (Simmons, 1991). Research results should help identify best 
management practices for protecting shallow groundwater and may serve as a basis for 
computer models that predict chemical movement in sandy soils.
Additional project goals - Other ongoing activities that are part of the Illinois River Sands 
Project include the expanded use of cover crops and no-till, irrigation system analysis, 
sealing abandoned wells, and improved disposal of used engine oil from irrigation motors.
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Weed Control for Environmentally 
Sensitive Sands
S. Stein
Today there is much concern over the possible impact herbicides may be having on the 
environment, particularly on contamination of groundwater resources. A number of states, 
including Iowa and Wisconsin, have placed legislative restrictions on the usage of certain 
pesticides, particularly atrazine. Most of these restrictions were targeted on areas that have 
a higher potential for herbicide movement into groundwater supplies.
HERBICIDE TRANSPORT
Pesticides are transported by water movement through the soil profile and into the 
underlying aquifer. Although there are a number of factors that affect the amount and rate 
of herbicide movement, the faster and deeper water moves through the soil profile the more 
likely it is to leach pesticides with it into the groundwater. Sandy soils are conducive to 
this type of movement because of their high water permeability and low water holding 
capacity. An equal amount of rainfall will penetrate four times the depth in a sandy soil as 
compared to a dark prairie soil. An additional problem posed by sandy soils is the low 
organic matter content. Most herbicides bind with organic matter and are, therefore, held 
from downward movement. With supplemental irrigation and the potential for large 
amounts of early season rainfall, the risk of agri-chemical movement through a sandy soil 
profile is greatly increased.
ILLINOIS SANDS
Illinois does have soils and geology that are vulnerable to groundwater pollution. Sandy 
soils are located along the Illinois, Kankakee, and Rock rivers predominantly in Mason, 
Tazwell, Kankakee, and Whiteside-Lee counties. The soils found near the river systems are 
high in sand content, with the silt and clay content increasing in the soils proceeding east 
from the rivers. These counties account for most of the 240,000 acres of irrigated land in 
Illinois.
WEED CONTROL PROBLEMS
Several problems arise when trying to develop a weed control plan for irrigated sands, 
especially for com. Because of low clay and organic matter content, there is only a small 
capacity for soil-applied herbicides to bind to the soil. A moderate to heavy rainfall can 
leach a herbicide below the weed seed germination zone resulting in poor weed control. 
Second, most acreage in these areas is plagued with infestations of crabgrass and sandbur. 
These two grasses are relatively difficult to control. Postemergence options and/or rescue 
treatments for the control of crabgrass in com also are limiting. Finally, Lasso, Dual and 
atrazine, three effective herbicides, have ’’groundwater advisory" warnings on their current 
labels.
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HERBICIDE STRATEGIES
Weed control on environmentally sensitive sands requires products that provide 
outstanding efficacy on crabgrass and sandbur and that have chemical properties that 
reduce the chances of leaching. Low water solubility and a large affinity for organic matter 
(KQC value) are two such properties. Highly soluble compounds that do not bind to organic 
matter tend to move with the wetting front as it advances in the soil following rainfall or 
Irrigation.
SOYBEANS
More options are available for weed control in soybeans than in com. A preplant 
incorporated application of Treflan or Prowl has been the predominate treatment for 
annual grass control in soybeans. Broadleaf control can be obtained by either soil-applied 
or postemergence treatments. Soil applied Canopy, Command, or Scepter can be tank mixed 
with Prowl or Treflan and provide reasonably good control of common ragweed. Pursuit 
can also be soil-applied but provides better activity applied postemergence.
Reduced tillage in soybeans is quite feasible since there are many grass and broadleaf 
herbicides available. Poast, Fusilade, Assure, and Option provide adequate control of 
crabgrass if proper weed size and herbicide rate are selected. Postemergence products 
containing Blazer herbicide work well for the control of common ragweed. Pursuit, applied 
post emergence, gives broad spectmm broadleaf control plus postemergence grass activity. 
Postemergence programs require timeliness to prevent second flushes of weeds from 
overtaking the crop.
CORN
Weed control in com is not so simple. Lasso or Dual plus atrazine and cultivation has been 
the traditional most effective treatment on irrigated sands. Alternatives to Lasso or Dual 
would include Eradicane or Sutan+, but both must be incorporated immediately after 
application and are therefore not options for no-till. Prowl, applied preemergence is also 
labelled for com. This product has a very low water solubility which greatly reduces its 
movement in the soil. Prowl can cause crop injury if the herbicide is incorporated or if seed 
furrows are not completely closed.
Crabgrass escapes, following preemergence or preplant incorporated treatments can, be a 
common occurrence. Significance rainfall shortly after planting may move commonly used 
soil-applied herbicides out of the target zone. Cultivation may be used to clean up grass 
outbreaks but may not control in-row weeds. Some have had success by applying atrazine 
and oil early postemergence rather than preplant to catch grass escapes when they are 
small. Bladex works adequately postemergence but results in crop injury. New herbicides, 
Accent and Beacon, do not control crabgrass but can control a variety of other grasses and 
broadleaves well.
Soil or foliar-applied atrazine has traditionally been the best cost effective broadleaf 
control in com. Concern over excessive reliance on atrazine, especially on sandy soils, has 
prompted producers and researches to look for other options. Most alternatives to atrazine 
are applied postemergence. They include Buctril and Basagran or their combinations with 
low rates of atrazine. They do provide excellent control of most problem broadleaf weeds. 
Banvel, 2,4-D or Marksman also work well but there is potential for crop injury on sandy 
soils.
THE FUTURE
Researchers are continuing to look at possible alternatives to maintain weed control while 
reducing the risk of groundwater contamination by herbicides. One such area is the use of 
controlled release formulations of herbicides. Microencapsulated formulations such as
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Lasso Microtech show promise in reducing leaching. Although not commercially available, 
starch encapsulated atrazine has demonstrated less soil movement than other formulations. 
Cover crop systems in combination with herbicides can reduce blow sand injury and 
possibly require less herbicide than conventional tillage systems. Banding herbicides with 
additional cultivation also would be a way of reducing herbicide inputs. Weed control on 
sands is difficult, but until solutions can be found we must use the pesticides available 
judiciously with a concern for the environment.
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Degradation of Foliar-Applied Insecticides: 
How Long Will This Insecticide Last?
T. Royer
Many factors should be considered before choosing a foliar insecticide (Metcalf 1982). They 
may include practical considerations like the cost of the application, compatibility with 
other pesticides that have been or will be applied, availability of local supplies, and method 
of application. Considerations with respect to an insecticide's bioactivity such as efficacy, 
toxicity, selectivity, environmental or health hazards, effects on non-target organisms, pre­
harvest intervals and re-entry times and residual activity, are just as important. When 
insecticide use can be anticipated, these factors can be considered carefully over a long 
period of time. However, an unexpected outbreak of an occasional pest requires quick access 
to the information in order to make a timely decision.
While responding to questions from farmers about insecticide selection during the past 
growing season, I became acutely aware that most of the information on insecticide 
bioactivity is readily available from a variety of sources including pesticide dealers, county 
advisers, pest-management consultants, industry representatives, and extension specialists. 
However, information on residual activity is not only difficult to obtain, but it also can be 
quite variable depending upon the conditions and circumstances that existed during the 
insecticide application.
The subject of this article was born out of frustration; I did not feel completely 
knowledgeable about my ‘guestimates’ of the lifespan of specific insecticide sprays that were 
being used for insect control. This motivated me to educate myself about the extent and 
effect of variables that influence the residual activity and bioavailability of a pesticide 
spray. I will discuss these factors then provide some general guidelines that may help 
optimize the longevity of a pesticide application.
HOW LONG WILL AN INSECTICIDE LAST?
Superficially, chemical stability seems to be the most important factor influencing the 
persistence of insecticides. Chlorinated hydrocarbons like DDT, aldrin, and heptachlor, 
have relatively stable molecules. From a pest control standpoint, this attribute was 
valuable because an insecticide application could kill insects for a relatively long time; 
thus, fewer applications were necessaiy. This same characteristic contributed to some 
significant environmental problems associated with this class including accumulation in 
the food chain, the selection of insecticide resistant pests, and long-term detrimental effects 
on non-target organisms. In contrast, most insecticides used today are relatively short­
lived because they are amenable to degradation from physicochemical and biological 
factors. Although that characteristic makes them more environmentally desirable, it also 
creates some logistical challenges in order to obtain optimum control with the least number 
of applications.
Chemical stability is one of many factors that affects the persistence of an insecticide both 
before and after it has been applied. I have grouped these factors into four general categories 
and have arranged them into what I call a ’bioavailability rectangle’ (Fig. 1), much like the 
classic disease plant disease triangle. These four groups are the insecticide, the 
environment, the spray/substrate interface, and the target organism. Although these factors 
are grouped separately, they are very closely linked as they influence the bioactivity of an 
insecticide.
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An Insecticide molecule possesses certain physical properties that can be described from 
analysis of the pure material that uniquely defines it and how it will interact in the 
environment (Table 1). For example, insecticides that are highly soluble in water are useful 
systemic insecticides because they can be taken up by a treated plant. Yet, highly soluble 
insecticides are more likely to be leached into groundwater or removed by surface runoff. 
Volatility is another property that influences persistence. An extremely volatile insecticide 
may not remain on the spray surface for very long resulting in reduced efficacy or drift onto 
non-target substrates. On the other hand, a volatile insecticide can provide fumigation 
activity in some situations.
DDT and methoxychlor serve as examples to illustrate how these properties can influence 
the interaction of the pesticide with the environment. DDT, which has been banned from 
use for more than 20 years, was very stable in the environment because it was practically 
insoluble in water and was resistant to chemical and photo degradation. It has a high 
affinity to fats, and tended to accumulate in substances with a high fat content including 
body fat and cow’s milk. In contrast, methoxychlor, which is chemically very similar to 
DDT, still is used because it is more soluble in water, more easily degraded, and less apt to 
accumulate in fat tissues.
Commercial insecticides are not sold in a chemically pure form. Instead, they are 
formulated with other ingredients to increase shelf life and stability, make application 
easier, increase toxicity, or influence coverage on the spray/substrate interface. These 
ingredients all interact with the insecticide molecule to characterize the commercial product 
and its potential longevity. Stability and performance of the formulation can be changed 
through improper storage and/or subsequent contamination (Worthing and Walker 1987).
PHYSICOCHEMICAL/ENVIRONMENTAL FACTORS
Many physicochemical factors can affect an insecticide both before and after it has been 
mixed (Caseley 1989; Ebling 1963). These factors include ambient temperature, pH of the 
carrier, contaminations in the spray mix, physical forces that deliver the spray, light 
intensity, and weather.
Temperature affects insecticide persistence in several ways. Some insecticides become 
chemically unstable when exposed to high temperatures before or after mixing. The rate at 
which most insecticides are degraded changes directly with the increase and decrease of 
temperature. Temperature can influence the uptake of the insecticide molecule and its 
metabolism in the target organism. Sometimes toxicity is related to ambient temperature, 
but the trend that this relationship takes is not always intuitively predictable. Generally, 
the toxicity of organophosphate and carbamate insecticides is increased at higher 
temperatures. However, with pyrethroid insecticides, the relationship between toxicity and 
ambient temperature are inversely related (Harris and Kinoshita 1977), that is as 
temperature increases, toxicity decreases.
The pH of the spray carrier can influence the longevity of an insecticide (Table 2). For 
example, malathion has a half-life in solution at pH 6.0 of 8 days, but in solution at pH 10, 
it has a half-life of 2.4 hours. Carbaryl has a half-life of 24-30 days in solution at pH 7.0 
and only 1 day in solution at pH 9.0. Kelthane remains almost unchanged after 20 days 
when in solution at pH 5.0, but it has a half-life of only 15 minutes at pH 10.0. If the pH of 
the tank mix is unfavorable for the stability of the insecticide and the mix is kept for 
several days to be used on several fields, then the intended dosage will not be delivered in 
field sprayed later and the longevity of those spray applications will be reduced (Van 
Valkenburg, 1973).
For efficiency, several pesticides are often tank-mixed and applied in one application. This 
practice may save time and money, but such mixtures can have beneficial or detrimental
PROPERTIES OF THE INSECTICIDE
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effects on insecticide bioactivity. The added chemicals may indirectly affect the insecticide 
through changes in pH of the carrier, or they may directly affect it. The direct impacts 
range from problems of physical compatibility of the mixture to direct influences on the 
bioactivity of the insecticide (Seaman and Riedl 1986; Van Valkenburg 1973). Direct 
interactions on bioactivity can have one of three outcomes. If it is positive, it is termed 
synergistic since the effects of the combination are greater than would be expected by simply 
adding the effects. The addition of piperonyl butoxide to pyrethrin insecticides is a classic 
example of a synergistic interaction. Piperonyl butoxide has almost no insecticidal 
properties by itself, but it increases the ‘killing power’ of pyrethrin dramatically. If no 
effect occurs, the outcome is termed neutral. If the effect is negative, the outcome is termed 
antagonistic. The use of herbicide safeners is a good example of an antagonistic interaction 
because they reduce or narrow the herbicidal activity of the herbicide.
Many insecticides decompose when exposed to ultraviolet light. Some, such as natural 
pyrethrins, are very sensitive to photodegradation. Insecticide molecules that are sensitive 
to this are often protected with some type of adjuvant in the commercial formulation, or the 
insecticide is used in situations where exposure to direct sunlight is reduced.
Finally, weather and climate can play an important role in the longevity of an insecticide 
application. Wind, humidity, and precipitation can influence the deposition, retention, 
penetration, and degradation of the spray on the spray substrate (Caseley 1989; Ebling 1963).
The physical forces that deliver the spray can indirectly influence the bioactivity of the 
insecticide. The forces generate droplet size, spray direction, spray volume, and force of 
delivery on the target surface. Thus, penetration into the plant canopy and the uniformity 
of coverage onto the spray/substrate interface will vary depending upon spray pressure, 
nozzle size, ground speed, and method of application (aerial vs ground). VTrat appears to be 
a residual problem may in fact be a coverage problem.
PROPERTIES OF THE SPRAY/SUBSTRATE INTERFACE
The characteristics of the spray substrate can influence the bioactivity of the insecticide 
spray. The many characteristics of soil as a substrate for insecticides have been covered 
extensively in past pesticide and crop protection conferences (Feslot 1982, 1984, 1985), so I 
will concentrate on plant spray/substrate interfaces.
The plant substrate has several unique characteristics that can influence the overall 
bioavailability of the insecticide (Finlayson and MacCarthy 1965; Putnam and Penner 
1974). Plant surface structures such as trichome hairs, cuticular waxes, and variation in 
surface roughness can affect the deposition of the insecticide. Cuticular waxes can 
chemically impede or enhance adhesion and penetration of the insecticide on the plant 
surface. The physical position of the plant surface, that is vertical or horizontal, affects 
spray coverage and light penetration into the canopy. Extreme changes in the 
surface/volume ratio of a plant are associated with rapid growth. A young seedling sprayed 
with an insecticide will produce a significant amount of untreated plant surface within a 
short time if growing conditions are at optimum, suggesting that the insecticide was short­
lived. A plant that has vegetatively matured will produce very little new untreated surface, 
so the insecticide will seem to last longer. The components and metabolic pathways 
associated with plant sap have been shown to mediate the toxic effects of insecticides after 
they become systemically incorporated into plant tissue.
PROPERTIES OF THE TARGET PEST
The target pest itself can greatly influence the bioactivity of the insecticide, and ultimately, 
the longevity of the application. Factors such as species, growth stage, behavioral traits, 
and presence of insecticide resistant biotypes all play roles in the ultimate bioactivity of an 
insecticide. For example, it is important to positively identify the species of two closely 
related caterpillars (tobacco budworm and cotton bollworm) that attack a cotton field
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because relative levels of insecticide resistance to chlorinated hydrocarbons, carbamate and 
organophosphate insecticides seem to be greater in the tobacco budworm (Reynolds et al. 
1982). Because toxicity is measured in dose per unit of body mass, it requires a greater dose 
of insecticide to kill a late instar of an insect than a first instar simply because of the great 
differences in body size. Additionally, there are potential qualitative and quantitative 
differences in metabolism that may occur among growth stages.
WHAT DOES IT ALL MEAN?
It is apparent that many complex factors influence the effective life of an insect spray. I am 
not aware of any readily available generic computer models that can predict the effective 
life span of an insecticide over various crops and climates. Until one is available, the best 
predictor is to let the insecticide ‘tell us’ what it will do. A wealth of that type of 
information exists in a periodical called Insecticide and Acaracide Tests published by the 
Entomological Society of America. I have spent some time ‘digging’ through this 
information and have summarized some of it in a handout that is available to program 
participants. Remember, these estimates are the closest thing to ‘average’ life spans that I 
could find and are based upon work that was carefully planned and executed. You will best 
be able to predict the life span of your application only if the insecticide was carefully 
selected and applied.
The following guidelines are suggested to help optimize the life of an insecticide 
application:
1. Initiate a regular scouting program in your fields in order to properly identify the 
pest, to determine if an economic infestation exists, to control the most 
susceptible life stages and to identify any pest resurgence problems.
2. Make sure your application system is properly and regularly cleaned, maintained 
and calibrated.
3. Talk to your chemical dealer about which insecticide products have the range of 
residual activity that your situation requires.
4. Pay close attention to the conditions that exist at mixing. Check the pH of the 
carrier with a pH meter or some other method. Mix with other pesticides only if 
you are sure that conditions have not been unfavorably altered, or use a buffering 
agent. If coverage on the plant surface can be enhanced with an adjuvant, consider 
using one.
5. Apply the spray as soon as possible after mixing. If weather does not allow that, 
consider using a buffering agent to help reduce alkaline hydrolysis.
6. Pay close attention to the weather conditions and crop phenology during and after 
the application of the insecticide.
By following these guidelines, you can insure that the insecticide application is given every 
opportunity to perform as it was intended. That in itself is following sound integrated pest 
management principles.
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Table 1. Selected physical properties of insecticide molecules
Property Definition
boiling point the temperature at which the vapor pressure of a liquid 
is equal to the external pressure
density mass per unit volume of a substance
melting point the temperature at which the solid and liquid phases of 
a substance are in equilibrium
solubility the amount of a substance that dissolves in a given 
amount of a solvent to produce a saturated solution
specific gravity the ratio of the mass of a substance to the 
mass of an equal volume of water at a specified 
temperature
specific heat the amount of energy required to change the temperature 
of lg of a substance by 1 OC or 1 K
standard state a specified physical form of a substance, at 1 atmosphere 
pressure
vapor pressure the pressure exerted by a vapor when it is in equilibrium 
with the liquid or solid phase
viscosity the resistance of fluid to flow freely because of the 
friction of its molecules
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Table 2. Susceptibility of some commonly used insecticides/m iticides to hydrolysis
Common Name Brand Name(s) Classa Half-Life
carbaryl Sevin CB pH 7.0 - 24-30 days 
pH S.O - 2-3 days 
pH 10.0-1 day
chlorpyrifos Lorsban,
Dursban
OP pH 3.7 - 11.8 hrs 
pH 7.4 - 26 wks 
pH 8.0 - 2.7 wks 
pH 10.4 - 6 days
cypermethrin Ammo,
Cymbush
P More stable at low 
pH
optimum at pH 4
diazinon Diazinon OP pH 3.7 - 11.8 hrs 
pH 7.4 - 26 wks 
pH 8.0 - 2.7 wks 
pH 10.4 - 6 days
dicofol Kelthane CH pH 5.0 - > 20 days 
pH 7.0 - 5 days 
pH 10.0 - 15 min
dimethoate Cygon 400 OP relatively stable 
at pH 4-7, unstable 
in alkali media
malathion Malathion OP pH 6.0 - 7.8 days 
pH 8.0 - 19 hours 
pH 10.0 - 2.4 hours
methomyl Lannate CB pH 6.0 - 63 days 
pH 8.0 - 22 days
permethrin Ambush
Pounce
P stable at pH 6-8
phosmet Imidan OP pH 7.0 - 1 day 
pH 8.3 - 4 hours 
pH 10.0 - 1 minute
a CB = carbamate; OP = organophosphate; P = pyrethriod; CH = chlorinated
hydrocarbon
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Figure 1. THE BIOAVAILABILITY RECTANGLE
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Northern Leaf Spot of Corn
D. Eastbum
Northern Leaf Spot of com, also known as Helminthosporium leaf spot, is one of the 
"Helminthosporium " leaf diseases of com. This disease has caused a significant problem 
for the seed com industry in the past few years, especially since the loss of the EBDC 
fungicides. The severity of the disease in 1990 and 1991 prompted the Illinois Department 
of Agriculture to request the approval of an emergency use registration (section 18) for the 
use of the fungicide Tilt to aid in disease control season.
SYMPTOMS AND DISEASE CYCLE
The disease is caused by the fungus Bipolaris zeicola. previously called H elm inthosporium  
carbonum. and the perfect state name is Cochliobolus carbonum. There are three known 
races of the pathogen and disease symptoms differ between these races. Race 1 produces tan, 
oval or circular lesions, up to 1 inch in diameter, which often contain concentric rings or 
zones. Race 1 also can attack the ears of susceptible plants. Race 1 is highly pathogenic in a 
few inbred lines. Race 2 produces oblong, chocolate colored spots up to 1 inch long by 2/10 
inch wide. Infections by race 2 are rare and isolates in this race are less pathogenic. Race 3 
produces the typical symptoms of Northern Leaf Spot. Lesions on the leaves are narrow and 
linear, up to 1 inch long. Lesions are typically gray-tan in color with a darkly pigmented 
border, but lesion size and appearance can vary depending on the host and pathogen isolate 
involved (Table 1). Race 3 pathogens are able to attack leaves, sheaths, husks and ears. 
Symptoms of Northern Leaf Spot usually are easy to distinguish from those of northern leaf 
blight, caused by Exserohilum turcicum. Lesions of northern leaf blight on the leaves of 
susceptible cultivars are usually much longer and wider and have a oblong or cigar shape. 
Although the lesions of Northern Leaf Spot typically are larger than those of southern leaf 
blight, which is caused by Bivolaris m audis. lesion sizes and shapes of these two diseases 
can be similar, and difficult to distinguish without laboratory analysis.
The pathogen overwinters in the field on infected com debris. Spores produced on this 
debris are rain splashed or wind blown onto growing, com plants and infection takes place 
when conditions are favorable. Moderate temperatures and humid conditions favor the 
development of the disease. Secondary spore production also is most abundant during 
periods of damp weather. Because the spores can be carried long distances by the wind, 
primary inoculum may come from fields that are miles away, crop rotation is only partially 
effective in controlling this disease. Infections prior to pollination result in a reduction in 
the number of kernels per ear, whereas infections that take place after pollination result in 
reduced kernel size. Seed produced on severely infected plants also tends to have a round 
shape instead of the more desirable flat shape.
RACES AND DISEASE RESISTANCE
Resistance to race 1 of Bipolaris zeicola  is conferred by a single dominant gene and nearly 
all com hybrids and most inbred lines are resistant to race 1. Resistance to race 2 appears 
to be polygenic in nature, but the pathogen is only weakly pathogenic, so it has not 
presented much of a problem. Resistance to race 3 also appears to be polygenic, and even 
though it does occur on commercial hybrids it has not caused much of a problem in 
production fields. However, certain inbred lines are extremely susceptible to race 3 and race 
3 pathogens have caused significant losses for the seed com industry.
In 1989 isolates of Bipolaris zeicola were found that produced slightly different symptoms 
and had distinct reactions on differential host genotypes from the previously described
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races. The symptoms and differential reactions are most similar to those seen with race 2, 
but these isolates are much more virulent than is typical for race 2. It is unclear whether 
these isolates represent a new race (race 4) or are a more virulent form of race 2. Inbred 
lines with a B73 background, and a few other non-related inbred lines, are particularly 
susceptible to race 3 and this potentially new race (Table 1).
CONTROLLING THE DISEASE WITH FUNGICIDES
Because yield losses are greatest when infections occur prior to pollination, disease control 
measures (i.e., fungicide applications) need to be implemented before silking. An economic 
threshold has been established at 7 to 10 percent leaf area infected at the time of 
pollination. Every 1 percent leaf area infected above that threshold translates into a loss of 
approximately 30 lbs. of seed per acre and losses are even greater if seed quality is 
considered.
Prior to 1990 the EBDC fungicide mancozeb (sold as Manzate 200 and Dithane M45) was 
commonly used by seed com producers to help control Northern Leaf Spot, and other foliar 
diseases, on susceptible inbred lines. In 1990 registration of mancozeb for use on seed com 
was withdrawn from the fungicide labels, so these products could no longer be used on com 
grown for seed.
Presently, the only other fungicide registered for use on seed com is chlorothalonil (sold as 
Bravo). Both mancozeb and chlorothalonil are protectant fungicides. They work by 
inhibiting spore germination, thus inhibiting infection. They do not penetrate tissue and 
eradicate established infections. Because of this, they need to be reapplied regularly as new 
tissue is formed and the fungicide is washed of and loses efficacy. Depending on the weather 
conditions as few as 2 or as many as 6 applications of these will be needed to attain 
adequate levels of control over the course of a season.
There are a couple of reasons, however, why producers hesitate to use chlorothalonil on seed 
com. One reason is chlorothalonil is considerably more expensive than mancozeb, which is 
especially significant when multiple applications are necessary. The second reason is 
neither the leaves, stocks, or left over seed (from the male parent) of com treated with 
chlorothalonil can be fed to livestock creating a disposal problem and eliminating a source 
of income for the seed producers.
In 1991 the Illinois Department of Agriculture, at the request of the seed com industry in 
Illinois, applied to the Environmental Protection Agency (EPA) for a Section 18 to allow for 
the emergency use of another fungicide, propiconazole (sold as Tilt), to control Northern 
Leaf Spot on seed com. The section 18 was approved in mid-August, which, unfortunately, 
was too late in the season to help many seed producers.
Tilt is a locally systemic fungicide and works by penetrating tissue and killing the 
mycelium of the pathogen after it has infected the plant. Because of this eradicant action, 
and because Tilt has a longer period of residual activity, fewer applications are needed to 
achieve the same level of control when compared to mancozeb or bravo. Tilt remains 
effective for 17 to 20 days after application, whereas mancozeb is effective for 5 to 7 days. A 
study recently conducted at the University of Illinois found that 1 to 2 applications of Tilt, 
applied at or before silking, controlled Northern Leaf Spot as well as or better than 6 
applications of mancozeb applied on a weekly basis (Table 2). Advantages of using Tilt 
include greater efficacy, competitive cost of application, lower amount of total product 
entering the environment and the ability of producers to use integrated pest management 
(IPM) strategies, such as disease scouting, in order to insure that the fungicide is only 
applied when needed. Tilt is currently registered for use on several food crops, including 
pecans, wheat, barley, rye, rice and grasses for seed. Additional registrations have been 
requested for use on celery, com (sweet, field and seed), legumes, peanuts, pineapple, stone 
fruit and wild rice.
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Table 1. Disease severity and lesion type ratings for 69 maize inbreds naturally infected 
with Bipolaris zeicola race 3 in 1974 (from Castor, et. al 1976)
Severity Lesion Severity Lesion
Inbred Rating3 Type*5 Inbred Rating Type
A374 2.0 B OH51AHt 2.0 A
A509 1.5 B Oh514 1.3 A
A619Ht 2.3 A P a ll 1.5 B
A632 2.5 B Pa32 1.3 B
A660 1.8 A;B Pa33 2.5 B
Ayxl57 1.5 A Pa33A 3.8 B
B8B 3.3 A Pa36 1.5 A
B14AHt 3.0 B Pa373 2.0 A
B37Ht 2.3 B Pa374 2.5 A;B
B68 2.0 A Pa70 2.8 B
B73 3.0 B Pa347 1.0 -
Cl 03 1.0 - Pa351 5.0 A
C123 2.0 B Pa363 2.5 A;B
Ch9 1.8 A Pa405 1.5 B
Ch22 1.8 B Pa409 2.0 A;B
H84 2.0 A;B Pa419P 3.8 A;B
H93 1.5 B Pa434P 3.3 A;B
H95 1.0 - Pa703 2.0 B
Hy3 3.0 A;B Pa762 2.5 A;B
J47 2.8 A Pa864P 2.3 B
J48 2.0 B Pa865P 2.0 A;B
K150 1.0 - Pa871 2.3 B
Ms68 2.5 A Pa872 2.5 A;B
Ms70 1.5 A Pa887P 2.0 A
Ms72 2.8 A;B Pa904 2.5 B
Msl 16 1.5 A SD10 2.0 A
M142 2.0 A;B Va26 2.5 A;B
N28Ht 3.0 B Va35 1.8 A;B
NY821 1.5 B W64AHt 3.5 B
NyD410 1.0 - W153R 1.0 -
Oh26 1.0 - W438 3.5 A;B
Oh43 2.8 A;B Wf9 2.3 A
OH43Ht 2.0 B Wf9Ht 1.5 B
Oh51A 3.0 B WV123 1.3 B
Mean 2.18
SD 0.80
a Disease severity scale of 1 to 5
b Lesion types: A = round to oval lesions: B = long, linear lesions
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Table 2. Control of Bipolaris zeicola, race 3 and yield of th ree detasseled female inbreds in
1989 a t Urbana, IL (from Michels & Pedersen, 1990)
Inbred Treatment Applications3 Disease Severity(%) Yieldb
B73 Control 0
Growth Stages0 
Silk S+2 S+4
18 35 78 57
Tilt 1 6 17 33 76
Tilt 2 5 12 28 79
Dythane 6 8 22 36 71
LH119 Control 0 15 30 69 61
Tilt 1 4 12 33 70
Tilt 2 2 10 24 75
Dythane 6 7 13 28 69
FR1128 Control 0 13 28 58 61
Tilt 1 4 13 29 82
Tilt 2 3 10 25 86
Dythane 6 5 17 33 81
LSD (5%) 2.9 5.1 6.2 6.4
a Tilt was applied either: i) just prior to silking or ii) approximately 10 days prior to silking 
and again just prior to silking, never after silking.
h Yield data is based on total yield, not marketable seed, and reported in units of bushels per 
acre.
c Growth stages for disease severity estimates are silking, silking + 2 weeks (S+2), and 
silking + 4 weeks (S+4).
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Soil-Pesticide Screening Procedure: 
Will this Pesticide Leach or Runoff?
W. Scott
INTRODUCTION
The interaction of soils and pesticides has frequently complicated evaluation of the fate of 
pesticides in the environment. Pesticides have unique properties, such as half-life, organic 
carbon partitioning coefficient, and solubility, that interact with soil properties, such as 
organic matter content, erosion potential, and hydraulic properties. The Soil Conservation 
Service (SCS) has developed a procedure that will assist in screening soil-pesticide 
interactions. This soil-pesticide interaction screening procedure (SPISP) uses a database of 
pesticide properties that was prepared jointly by the Agricultural Research Service (ARS), 
Soil Conservation Service, and the Cooperative Extension Service (CES).
BOUNDARIES OF CONSIDERATION
A pesticide loss to a water resource is assumed to have occurred if the pesticide is leached 
below the root zone or if it leaves the field boundary either in solution or adsorbed on 
sediment suspended in runoff waters. Thus, the boundaries of consideration are the bottom 
of the root zone and the edge of the field.
LIMITATIONS AND CONSIDERATIONS OF THE PROCEDURE
The potential for losing pesticides from a field by run off of surface water or by leaching is a 
combined function of pesticide, soil, climate and management factors. One set of 
meteorological components was selected for estimating pesticide loss using the GLEAMS 
model (Leonard et al. 1978). The primary goal was to determine the capacity of a soil to 
retain a pesticide at the point of application, regardless of management or climatic inputs.
The persistence or half-life of a pesticide in a soil is partially dependent upon soil moisture 
and temperature. However, the differences in half-life rates of pesticides caused by 
differences in soil moisture and temperature have not been considered.
The type of crop and the method of pesticide application were not considered. The soil was 
assumed to be fallow and the pesticide application was assumed to be made to the soil 
surface.
Other soil parameters that have not been considered but are thought to influence pesticide 
half-life rates or solubility include soil pH, aluminum content, elements toxic to microbes, 
and total soil surface area.
The relative ranking of pesticide loss from a soil remains the same regardless of the above 
considerations. The validity of SPISP depends on the relativeness of pesticide loss, not 
absolute amounts of loss.
The first factor that must be determined before using the SPISP is whether a water resource 
is at risk of being contaminated by pesticide use on the field in question. This involves a 
determination of the location and vulnerability of water resources such as aquifers, lakes, 
and streams.
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RANKING SOILS AND PESTICIDES
The ranking of soils and pesticides does not have an absolute definition relative to 
quantity. Pesticide losses estimated by this procedure reflect only the relative ability of the 
soil to retain the pesticide at the point of application. The interplay of climate and 
application method determines whether the leaching or surface loss potentials are reached 
in a given area.
PESTICIDE DATABASE
Database of selected properties of pesticides was developed for the SCS by the Agricultural 
Research Service (ARS) and the Cooperative Extension Service (CES) (Wauchope et al. 1990) 
to provide information for ranking pesticides in this screening process. The database 
contains 17 parameters that are useful for evaluating the fate of a pesticide and determining 
its origin. A peer review group consisting of 22 members from the National Agricultural 
Chemical Association, ARS, SCS, CES, Environmental Protection Agency, Forest Service 
and industry was formed to approve the screening procedure and pesticide database. The 
current screening procedure and pesticide database have been reviewed by this peer group. 
SCS Field Office Technical Guides contain a list of pesticides that is a subset of this 
database and contains that pesticide ratings for leaching, runoff-adsorbed, runoff-solution, 
and runoff-total from an earlier SCS rating scheme.
SOIL DATABASE
The SCS has ranked all soils in the United States. These rankings are available for most 
counties in Illinois. The rankings are in the Field Office Technical Guide in the SCS office 
in each county or can be obtained from the SCS Soil Interpretations Record, Ames, Iowa, if 
access to that database is available.
DEFINITION OF LOSS POTENTIAL
The potential pesticide loss is relative and explains no more than a relative expectation of 
pesticide loss. A pesticide in the Potential 1 category has a higher expectation of 
contaminating the respective water source than a pesticide in the Potential 2 category; and 
pesticides in the Potential 2 category have a higher expectation of contaminating water than 
pesticides in the Potential 3 category (Figures 1 and 2).
PROCEDURE
The parameters needed to determine a potential loss are the soil map unit or soil series, 
crop, target pest and the recommended pesticides. The recommended pesticide is obtained 
from the CES or from a pesticide bulletin provided by the CES. The potential for the 
pesticide to be lost or leaching potential, is obtained from the Pesticide Selected Properties 
and Rating List in the Field Office Technical Guide in each county.
The soil and pesticide ratings are combined in a matrix to obtain the overall pesticide loss 
potential. If an aquifer is the water resource of concern, the Potential Pesticide Loss to 
Leaching screening matrix is used with the pesticide leaching potential and soil leaching 
potential (Figure 1). If surface water is the water resource of concern, the Potential Pesticide 
Loss to Runoff screening matrix is used with the pesticide runoff loss potential and the soil 
runoff loss potential (Figure 2). The user should determine if runoff is more likely to occur 
in solution or adsorbed to soil particles, and then use the corresponding value from the 
Pesticide Selected Properties and Ratings list.
CONCLUSIONS
The Soil-Pesticide Interaction Screening Procedure described here establishes an 
expectation of loss, not an absolute estimate of loss. The results of this method are a first
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tier screening procedure. If Potential 1 or 2 is the result of the screening procedure, the use 
of that chemical on that soil need not be rejected, but further evaluation is warranted. If 
Potential 3 is the result, the use of that chemical can be considered safe under most 
environmental conditions.
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Figure 1. Potential Pesticide Loss to Leaching
Soil Leaching 
Loss Potential
Pesticide Leaching Potential
Large Medium Small Very Small
High Potential 1 Potential 1 Potential 2 Potential 3
Intermediate Potential 1 Potential 2 Potential 3 Potential 3
Nominal Potential 2 Potential 3 Potential 3 Potential 3
Using the Matrix: The intersection of the soil leaching potential and the pesticide leaching poten­
tial gives the overall leaching potential—a potential 1, 2, or 3. For example, a soil with an intermediate 
soil leaching potential and a pesticide with a small leaching potential will rate as “ Potential 3” shown 
above in the shaded area.
DEFINITIONS OF POTENTIALS FOR PESTICIDE LEACHING
Potential 1: This pesticide applied on this soil has a high probability of leaching out of the root 
zone. Consider using an alternative pesticide, or other pest management techniques, to reduce contami­
nation.
Potential 2: This pesticide applied on this soil has a moderate probability of leaching below the 
root zone, thus increasing the probability of contaminating groundwater supplies. The effect of the pes­
ticide on the water resource will need additional site evaluation. Although this intermediate loss group 
has the potential for unacceptable losses, the losses may be reduced to acceptable levels by manage­
ment. Consider using lower rates, other application techniques, or a different time of application to 
lower the probability of contaminating groundwater. Also consider using a pesticide in a lower ranking.
Potential 3: This pesticide applied on this soil has a low or very low probability of leaching 
below the root zone. This pesticide may be used according to its label with little hazard to groundwater 
contamination.
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Figure 2. Potential Pesticide Loss to Runoff
Soil Runoff 
Loss Potential
Pesticide Runoff Loss Potential
Large Medium Small
High Potential 1 Potential 1 Potential 2
Intermediate Potential 1 Potential 2 Potentials
Nominal Potential 2 Potential 3 Potential 3
Using the M atrix: The intersection of the soil runoff loss potential and the pesticide runoff loss 
potential gives the overall runoff loss potential-a potential 1, 2, or 3. For example, a soil with an inter­
mediate soil runoff loss potential and a pesticide with a small runoff loss potential will rate as “Poten­
tial 3” shown above in the shaded area.
DEFINITIONS OF POTENTIALS FOR PESTICIDE RUNOFF
Potential 1: This pesticide applied on this soil has a high probability of mnning off the target site. 
Consider using an alternative pesticide, or other pest management techniques, to reduce contamination.
Potential 2: This pesticide applied on this soil has a moderate probability of running off the target 
site, thus increasing the probability of contaminating surface water supplies. The effect of the pesticide 
on the water resource will need additional site evaluation. Although this intermediate loss group has 
the potential for unacceptable losses, the losses may be reduced to acceptable levels by management. 
Consider using lower rates, other application techniques, or a different time of application to lower the 
probability of contaminating surface water. Also consider using a pesticide in a lower ranking.
Potential 3: This pesticide applied on this soil has a low probability of running off the target site. 
This pesticide may be used according to its label with little hazard to surface water contamination.
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Interaction of Accent and Beacon 
with Organophosphate Insecticides
K. Diehl and E. Stoller
The registration of Accent and Beacon for postemergence grass control in com provides 
farmers with greater flexibility in crop rotations and more alternatives for weed control 
strategies. Farmers who find it necessary to grow continuous com can now control 
problematic grasses such as johnsongrass, shattercane, and woolly cupgrass. In addition to 
their high efficacy, broad spectrum weed control. Accent and Beacon are more compatible 
with the environment (i.e. lower application rates) than some existing chemistry and are 
less dangerous to the applicator. It should be noted, however, that care and advanced 
planning are necessary when Accent and Beacon are to be used because these products have 
shown considerable potential to interact with many existing products causing significant 
crop injury.
"Interactions" can be both positive and negative in nature. For example, the addition of 28 
percent ammonium nitrate to many postemergence spray mixes improves velvetleaf control. 
The 28 percent fertilizer interacts with the plant in some way to increase the herbicide's 
effectiveness. However, many interactions, such as that observed between Accent or Beacon 
and organophosphate insecticides, are negative. Thus, for the purpose of this discussion, an 
interaction can be defined as the combining of two or more pesticides which results in 
negative, synergistic effects (i.e. crop injuiy). The concept of interactive pesticide 
combinations, although currently considered a hot topic, is not new. For example, the 
postemergence grass and broadleaf herbicide tankmix that contains Basagran and Poast 
requires the addition of special additives to overcome antagonism.
HERBICIDE INTERACTIONS
Normally, com tolerance to Accent and Beacon is acceptable at 0.5 oz a.i./A and 16 g 
a.i./Acre, respectively, to provide broad spectrum grass control in com up to the 10 leaf 
stage (Beacon label states 20 inches). Accent and Beacon can be tankmixed safely with 
Buctril; Accent also can be combined with Banvel, Marksman and atrazine to provide 
broad-spectrum postemergence weed control. Beacon may also be combined with 2,4-D to 
broaden its control spectrum. Care should be exercised when tankmixing Accent or Beacon 
with Banvel or 2,4-D, respectively, due to the window of application. Accent and Beacon, 
having low soil residual, should be applied after the grass has emerged while 2,4-D and 
Banvel must be applied early to avoid crop injury. Waiting for the optimum application 
time for Accent and Beacon could result in 2,4-D and Banvel injury caused by waiting too 
long while optimizing 2,4-D or Banvel application timing could result in reduced grass 
control when these tankmixes are used.
Crop injury can result if either Accent or Beacon is tankmixed with Basagran, Laddok, 
Tandem, or any organophosphate insecticide while Beacon can interact negatively when 
tankmixed with atrazine, Banvel, or Marksman. These interactions may be minimized if 
the products are applied more than 7 days apart (consult labels for specific 
recommendations).
INSECTICIDE INTERACTIONS
Research conducted at the University of Illinois and other midwestem universities indicates 
that applications of Accent or Beacon in combination with or over com previously treated
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with organophosphate insecticides can produce crop injury. No significant interactions 
with carbamate and pyrethroid insecticides have been observed.
The level of crop injury incurred is a function of many factors including type of 
organophosphate insecticide, insecticide application method, herbicide application timing, 
weather, and soil organic matter. Systemic organophosphate insecticides, which are 
absorbed by plants, are the most likely products to interact with Accent and Beacon.
Counter 15G is very systemic and has the greatest potential to interact with Accent or 
Beacon to and produce com injury. Counter 20CR (controlled release) is less likely but 
capable of causing an interaction, followed by Thimet and Dyfonate, and finally Lorsban, 
which is typically safe.
Methods of insecticide application also are important components that affect com injury. 
Soil insecticides placed in furrow with the seed show a greater incidence of injury than 
those same insecticides applied in a band. Placement directly into the rooting zone of com 
seedlings allows greater insecticide uptake and more potential for injury upon herbicide 
application. T-band (combination of in furrow and surface banding) applications are less 
interactive than in furrow applications but more likely to cause injury than surface 
banding. In addition to insecticide application method, the level of soil organic matter (OM) 
also can have an effect. Spraying Accent or Beacon after the application of an 
organophosphate insecticide on soils low in organic matter (OM) can result in greater crop 
injury than on soils with OM levels above 3 percent. Counter insecticide, for example, has 
an affinity for soil OM and will bind with it. The result is less insecticide movement into 
the plant and thus a lower probability of injury at the time of herbicide application. 
Although soil applied products can interact with Accent or Beacon, foliar applications of 
organophosphate insecticides prior to herbicide treatment can be even more reactive. Any 
OP foliar insecticide that is absorbed into the plant should not be used just prior to the 
application of Accent or Beacon (consult appropriate labels for specific restrictions).
Finally, the timing of herbicide application and weather conditions just prior to herbicide 
treatment are critical. Early herbicide applications to com in the four-leaf stage are 
potentially more interactive than if Accent or Beacon is applied at the eight-leaf stage. In 
addition, measurable rain within days prior to herbicide application results in greater com 
injury. By increasing soil moisture, plants tend to take up more water (including 
insecticide) and thus have higher concentrations of insecticide present within the plant 
when the herbicide is applied. The result is increased crop injury.
Accent and Beacon are effective, broad spectrum, postemergence grass herbicides that 
control many of the troublesome weeds in com. Their level of crop safety, however, can be 
decreased when used on com treated with organophosphate insecticides. Specifically, the 
use of Accent or Beacon in addition to Counter 15G or Counter 20CR has the potential to 
produce significant injury as demonstrated by visual injury, reduction in plant height, and 
com yield reductions. In order to make use of these products while minimizing crop injury 
potential, farmers must plan their pesticide programs carefully to maximize their efficacy.
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Variable Rate Sensor Technology
J. Hummel and K. Sudduth
Soil organic matter (SOM) based herbicide rate control is needed because:
1. The required rates of many soil applied herbicides are highly dependent on 
SOM;
2. Significant within field variations in organic matter content often exist.
A positive linear relationship exists between the application rate required for a particular 
level of weed control and SOM for atrazine, cyanazine, simazine, alachlor, metolachlor, 
metribuzin, trifluralin, pendimethalin and diuron (Weber et al., 1987; Blumhorst et al.,
1990; Upchurch et al., 1966; Fernandez et al., 1988). Manufacturer’s label recommendations 
for soil applied herbicides are often based on SOM and soil texture. Soil texture is generally 
described by "coarse", "medium" and "fine" and percent SOM levels may be broken into two 
to five ranges. Clay content, soil pH and cation exchange capacity are also correlated with 
herbicide inactivation in soils, but SOM is the predominant factor in inactivation (Harrison 
et al., 1976).
Many fields contain soils which exhibit dramatic differences in organic matter content.
The coefficient of variation of SOM data collected within a single field may range from 10 
percent to 25 percent (Bonmati et al., 1991; Reed and Rigney, 1947; Waynick and Sharp, 
1919). In soils of the Com Belt, where the parent materials are generally homogeneous, 
organic carbon might be expected to be correlated over large distances. However, Sudduth 
(1989) measured an almost two-fold change in SOM levels (3.2 percent to 6.1 percent) along a 
260 ft transect in an apparently uniform central Illinois field. Gaultney et al. (1989) 
reported that SOM varied from 1.7 percent to 6.1 percent along a 850 ft transect in an 
Indiana field experiment.
OPTICAL SENSING OF SOM FOR HERBICIDE RATE CONTROL
The general observation that soils with higher organic matter contents appear darker 
formed the basis of the concept that electro-optical sensing of SOM might be feasible. Over 
the last two decades, researchers have investigated ways to automate this general concept 
with varying degrees of success. Problems have occurred because soil color or reflectance 
properties are a function of such parameters as moisture, texture, chemical makeup and 
parent material, as well as SOM.
Electro-optical sensing of SOM has been implemented in a number of ways primarily 
utilizing data from the visible (400 - 800 nm) and near-infrared (800 - 2600 run) 
wavelengths. Investigators have taken varying approaches in terms of application (soil 
classification vs. herbicide rate control), sensor proximity (remote sensing vs. close-range 
sensing), spectral region (visible vs. near infrared (NIR)), spectral data type (color vs. 
narrow-band reflectance), spectral data quantity (number of data channels) and calibration 
development (large geographic range vs. within a soil landscape). Discussion here will be 
limited to the development and calibration of sensors for automatic herbicide rate control.
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Krishnan et al. (1980) correlated multiple-band, visible and NIR reflectance characteristics 
and SOM for ten Illinois soils at four moisture levels. Better correlations were obtained 
with visible range data than with NIR data. A model using optical density data yielded an 
r2 of 0.85 with the calibration dataset. Other researchers (Pitts et al. 1986) could not obtain 
satisfactory correlations when using this model with an expanded set of soils. Pitts et 
al.,1986) did successfully predict the SOM of 30 Illinois soils using an exclusion algorithm 
and white, green and red reflected light. The width of the prediction range for each soil 
varied from 1 to 3 percent organic matter with an average range width of 1.4 percent.
Griffis (1985) developed and tested a soil carbon sensor (soil carbon x 1.72 = soil organic 
matter) consisting of an incandescent light source and silicon phototransistor mounted in a 
light-proof housing. An r2 of 0.75 was obtained in laboratory tests with a set of 18 air dry 
Arkansas soils ranging from 0.19 percent to 1.98 percent organic carbon. Kocher and Griffis 
(1989) reported on a system consisting of an elevating chain and horizontal belt which were 
used to convey soil past the sensor developed by Griffis (1985). In laboratory tests with 
sieved, air dry soil, the conveying mechanism-sensor combination was successful in 
locating a step change in soil type.
Gunsaulis et al. (1991) studied the effect of soil surface structure on reflectance from a red 
(660 nm) light-emitting diode (LED) source. Surface preparation was by sieving the air dry 
soil and then scraping or rolling the surface before obtaining reflectance measurements.
Two sensor geometries were tested, one which measured only diffuse reflectance and one 
which measured both diffuse and specular reflectance components. The 20 Arkansas soils 
used ranged from 0.47 percent to 2.1 percent organic matter. The best results (r2 = 0.61) were 
obtained with absorbance data from the diffuse-specular sensor, the largest sieve size (3.66 
mm) and a scraped soil surface. Attempts to minimize surface structure effects by passing 
the soil through small sieves and rolling the surface smooth resulted in poorer (r2 = 0.40) 
correlations to SOM. Improved results (r2 = 0.73) were obtained with multiple linear 
regression on data obtained from both sensors.
The sensors described to this point, which generally used only one or a few pieces of spectral 
information (in terms of color coordinates or reflectance values) did not achieve the goal of 
providing optical estimation of SOM over a wide (entire state or larger) geographic range. 
Armed with this knowledge, researchers sought to improve their results by either requiring 
re-calibration of sensor output for each soil landscape in which the sensor operated, or by 
developing instruments which were capable of providing additional spectral information 
from many narrow wavelength bands.
LANDSCAPE-DEPENDENT SENSING
In the landscape-dependent approach, Fernandez et al. (1988) correlated Munsell color with 
SOM within a given soil landscape, expecting a closer relationship than those previously 
reported for wider geographic areas. Samples collected from three soil series in each of two 
landscapes yielded high correlations between SOM and Munsell value (moist soil r2 = 0.92, 
dry soil r2 = 0.94). Different calibrations were required at the two moisture levels and the 
calibrations developed were applicable only within the landscapes studied which contained 
only silt loam and silty clay loam soils.
Shonk and Gaultney (1988) continued this approach and developed a real-time SOM sensor 
intended to be re-calibrated for each new soil landscape, rather than for the larger 
geographic area (such as an entire state) attempted by other researchers. Laboratory tests 
using red (660 nm) LED's as the light source yielded good correlations (r2 = 0.80 to r2 = 0.98) 
for soils obtained within a single landscape and prepared to a single moisture content. For
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field operation, the sensor was mounted to a tractor tool bar and operated below the soil 
surface. Field tests showed a curvilinear relationship between sensor output and SOM (r2 =
0.84 to r2 = 0.95), with new calibrations developed for changes in travel speed or sensing 
depth (Gaultney et al. 1989).
The sensor developed by Shonk and Gaultney (1988) was licensed for commercial 
development and used to control the rate of a granular herbicide formulation applied by a 
pneumatic metering system (McGrath et al., 1990). The sensor probe was mounted to the 
front of a custom applicator truck and operated at a depth of 4 in. and speeds of up to 12 
mph. Soil samples needed to be collected from each different soil landscape to develop a 
specific sensor calibration curve. McGrath et al. (1990) noted that moisture and surface 
preparation significantly affected sensor output and calibration should be carried out under 
conditions similar to those encountered at the time of chemical application. The variable 
rate application system satisfactorily applied herbicides in a number of field tests and weed 
control was reported as excellent in all cases.
MULTIPLE-WAVELENGTH SENSING
Recent work has focused on developing instruments designed to acquire soil reflectance data 
at a number of narrow-band wavelengths. Although this type of instrument is more 
complex, more expensive and less rugged than a single-band sensor, the additional 
reflectance information allowed the accurate SOM calibration applicable to soils obtained 
from multiple landscapes (Sudduth et al., 1990a). Due to the complexity of such sensors, the 
most likely short-term application would be as the input to an off-line map driven herbicide 
application rate control system. In such a system, fields could be mapped in the off-season 
with equipment shared among a number of producers or applicators. The SOM information 
could then be used alone or combined with other data layers in a geographic information 
system (GIS) to generate rate maps for herbicide application.
Several different optical data types and calibration methods were tested on a representative 
set of 30 Illinois mineral soils at wilting point (15 atm.) and field capacity (1/3 atm.) 
moisture tension levels and determined that NIR data analyzed by partial least squares 
regression (PLSR) held the most promise for prediction of soil organic carbon content 
(Sudduth et al., 1990a). Excellent correlation (r2 = 0.92, standard error of prediction (SEP) = 
0.20 percent organic carbon) was retained when the NIR data were smoothed to a 60-nm data 
point spacing and the wavelength range reduced to 1720-2380 nm, for a total of only 12 data 
points used. Similar correlations were obtained with a 40-nm data spacing and a slightly 
smaller wavelength range (Sudduth et al. 1990a).
A rugged, portable NIR sensor was developed to implement this prediction method and 
completed laboratory and field tests (Sudduth, 1989; Sudduth et al, 1990a). The sensor used 
a circular variable filter spinning at 5 Hz to sequentially provide monochromatic and 
chopped light from a broadband source. The monochromatic light was transmitted to the 
soil surface by a fiber optic bundle allowing remote mounting of the major portion of the 
sensor. Energy diffusely reflected from the soil surface was captured by a lead sulfide (PbS) 
photodetector. The output from the detector was conditioned by an AC-coupled preamplifier 
and input to a personal computer through an A/D converter. The effective sensing range 
was from 1630 to 2650 nm, on a 52 nm bandpass. The sensor predicted organic carbon in 
the laboratoiy, across a range of soil types and moisture contents, with a predictive 
capability (r2 = 0.89, SEP = 0.23% carbon) approaching that of data obtained on the same 
soils with a research-grade spectrophotometer. Results from field operation of the prototype 
sensor were not acceptable (SEP = 0.53% carbon), due at least in part to errors introduced by 
the movement of soil past the sensor during the scanning process (Sudduth et al., 1990a).
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Additional laboratory tests of the NIR sensor with soils obtained from across the 
continental United States showed that acceptable SOM predictive capability could be 
maintained with a single calibration equation for soils from the lower Com Belt—Illinois, 
Missouri, Indiana and Ohio. Calibration obtained for wider geographic areas suffered from 
a significant decrease in accuracy. A similar sensitivity analysis carried out on the soil 
reflectance database compiled by Stoner (1979) confirmed these results (Sudduth et al., 
1990b).
In a related project, Womer (1989) developed a portable spectrophotometer suitable for 
collection of multiple-wavelength visible/NIR reflectance data in the laboratory. The 
instrument incorporated fiber optic bundles to route light to and from a remote sensing 
location, a prism monochromator and a silicon photodiode array detector. Smith (1991) 
modified this spectrophotometer for improved performance and reliability and used it to 
collect reflectance data on the same set of 30 Illinois soils used by other researchers (Pitts et 
al., 1986; Sudduth et al., 1990a). Postprocessing of the spectrophotometer output provided 
usable data over the wavelength range from 531 nm to 1004 nm, on a 2.4 ran spacing. 
Analysis of combined field capacity and wilting point moisture level data by stepwise 
multiple linear regression yielded an r2 of 0.61 and an SEP of 0.46 percent organic carbon, 
using data from four wavelengths (543 nm, 792.6 nm, 831 nm, and 835 nm)(Smith, 1991). 
PLSR analysis applied to the same data averaged to a 4.8 nm bandpass produced somewhat 
better results (SEP = 0.37 percent organic carbon). These results using PLSR approached 
those obtained when research spectrophotometer data from these same soils were analyzed 
(r2 = 0.81, SEP = 0.32) (Sudduth et al., 1990a). A tabulation of the laboratory performance of 
these soil organic matter sensors (Sudduth et al., 1991) facilitates the comparison of their 
capabilities and calibration requirements.
SUMMARY
Herbicide rate control based on organic matter sensing shows promise to impact application 
rates of soil-applied herbicides. In midwestem soils, organic matter can vary considerably 
within a field and within a soil map unit, but levels do not fluctuate within such small 
areas that sensing of SOM and regulation of herbicide application would not be technically 
feasible.
Varying approaches to SOM sensing have been used, with varying degrees of success. A 
single wavelength, landscape-dependent sensor (Gaultney et al., 1989) and a multiple- 
wavelength, landscape independent sensor (Sudduth et al., 1990a) have both been licensed 
for commercial development. Either approach seems feasible and each has advantages and 
disadvantages. The single wavelength sensor requires applicator acceptance of the need to 
re-calibrate the sensor for new landscapes and moisture levels, but is relatively inexpensive 
and rugged. The multiple wavelength sensor has been calibrated for a wide geographic range 
and a range of soil moistures, but uses more complex technology.
To date, only limited results have been reported from field investigations. Continued testing 
is needed for documentation of field performance under varying conditions and for 
validation of the calibration methods and equations used.
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